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Foreword 


WILLIAM L. HOLt, JR., M.D., President 


This Monograph Supplement to Volume 
XXI of Dseases of the Nervous System con- 
tains the papers presented at the Fourth An- 
nual Meeting of the Eastern Psychiatric Re- 
search Association, Inc., held in New York 
on October 23 and 24, 1959 at the Waldorf- 
Astorial Hotel. 

These papers reflect the keen search for 
understanding of the chemical and genetic 
factors in disorders of behavior and for bet- 
ter therapeutic tools. The excellent program 
was organized by my distinguished prede- 
cessor, Dr. Theodore R. Robie, the Program 
Chairman, Dr. William Furst, and Dr. Franz 
Kallmann, permanent Chairman of the Sec- 
tion on Genetics. The Eastern Psychiatric 
Research Association has had a steady 
growth under the continuing guidance of its 
Secretary, Dr. David Impastato, and the sup- 
port of R. Thornton Wilson. 

The R. Thornton Wilson Award of $1,000 
this year was awarded in equal stipends for 
the best clinical paper and for the best paper 
in basic science. The clinical award of $500 
went to Dr. Lauretta Bender, for her paper 
“Genetic Data in the Evaluation and Man- 
agement of Disordered Behavior in Chil- 
dren.”’ The Award in Basic Science went to 
Doctors Alfred Mirsky and Vincent Allfrey 


for their paper, “Biochemical Activities of 
the Cell Nucleus.” 

Other prize awards included that of $100 
by the Association for the best paper pre- 
sented at its bi-monthly meetings. For 1958 
this award went to Dr. Feruccio di Cori for 
his paper, “A Drawing Completion Test.” 
The award for 1959 went to James E. Rappa, 
M.D., Herman Tanowitz, M.D., and John 
Marchitello, M.S., for their paper ‘‘Unidirec- 
tional Regressional Modified ECT vs. Tran- 
quilizers in Chronic Schizophrenics.” 

The Prize Committee had great difficulty 
in confining award recognition to those I 
have mentioned. The R. Thornton Wilson 
Award is limited to original work not previ- 
ously presented, and must be in the fields of 
genetic and preventive psychiatry. Many 
other papers were of equal excellence but 
were not eligible for consideration though 
enjoyed by a critical and enthusiastic audi- 
ence. 

As President for the ensuing year I look 
forward to the Fifth Annual Meeting with 
hope that the high standards of the earlier 
meetings will be continued. It is the pur- 
pose of our Association to encourage a high 
level of psychiatric research and, with your 
help, this will be increasingly realized. 
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Means of Integrating Approaches to Human Behavior 


Teast 


MuRRAY E. JARVIK, M.D. a 


The symposium being presented on the 
genetic basis of disordered behavior rests 
upon three major theses: first, that behavior 
is something that can be measured or evalu- 
ated; second, that it is possible to distin- 
guish between normal and disordered beha- 
vior; and, third, that a genetic basis can be 
demonstrated for deviations from normal be- 
havior. I should like to consider today the 
ways that behavior can be studied, and the 
different approaches which are taken in an 
attempt to understand it. The various speak- 
ers on the program represent a variety of 
disciplines, yet all of them are concerned 
with some aspect of behavior and of genetics, 
although their vantage point be chemical, 
pathological cytogenetic, or psychiatric. 

In recent years there have been many rev- 
olutionary discoveries in the science of ge- 
netics which already are beginning to have 
a tremendous impact upon behavioral sci- 
ences. Awareness of the relationship be- 
tween genes, enzymes, and body chemistry is 
assuming great importance. In addition, 
knowledge of the influence of body chemistry 
upon behavior has also been growing. The 
evidence is overwhelming that biochemical 
genetics will provide the answers to the prob- 
lems set up by hereditary mental disorders. 
This is true of those inborn errors of metab- 
olism so frequently accompanied by psycho- 
logical defects, as well as of the psychiatric 
syndromes where structural or biochemical 
aberrations have not as yet been demon- 
strated. Since Sir Archibald Garrod first 
singled out four diseases to be explained as 
“inborn errors of metabolism” half a century 
ago, the list has grown steadily and probably 
will soon encompass most of the important 
metabolic diseases. In one condition, phenyl- 
ketonuria, due to a hereditary lack of an 
enzyme system for metabolizing phenyiala- 
nine, a severe form of mental deficiency is 
found. It is now possible to treat this dis- 
ease by restricting the amount of phenylala- 
nine in the diet. Should a similar biochemi- 
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cal defect be discovered in the major psy- 
choses, a more rational chemotherapy might 
be instituted than one now finds in this era 
of tranquilizers and antidepressant drugs. 


Improvements in techniques of examining 
human chromosomes have resulted in signifi- 
cant progress in the understanding of cyto- 
genetic aberrations. For example, there is 
the startling discovery that in one form of 
mental deficiency, mongolism, a small, extra 
autosome is present, so that the afflicted in- 
dividual has 47 instead of the normal 46 
chromosomes, Similarly, in certain condi- 
tions, such as Klinefelter’s syndrome indi- 
viduals who are phenotypically one sex are 
found to have the chromosomal] structure of 
the opposite sex. As finer cytogenetic tech- 
niques are developed, one can be sure that 
more information about the transmission of 
hereditary diseases will be revealed. 


Advances in the genetics of behavior have 
not kept pace primarily because of the diffi- 
culty in measuring psychological functions. 
Approaches to behavior are varied and rem- 
iniscent of the story of the four blind men 
who were introduced to an elephant for the 
first time and later were asked to describe 
the animal. The first man, feeling its trunk, 
said it resembled a snake; the second, touch- 
ing its leg, called it a tree trunk; the third, 
from the feel of the body, likened it to a wall, 
and the fourth, holding the tail, compared 
it to a piece of rope. Each was correct, but 
if they had pooled their information, they 
would have arrived at a truer description of 
the fact. Of course, if they could see, they 
would have given more comprehensive and 
less divergent descriptions of what actually 
existed. The situation facing those dealing 
with behavior, normal or abnormal, is much 
the same as that of the blind men. Beha- 
vior is the elephant. This is not to say that 
our panelists are blind, because some of them 
have unusually wide fields of vision. How- 
ever, they do not use the same techniques, 
and their scientific vocabularies overlap only 
partly. For this reason the information each 
brings will supplement rather than comple- 
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ment that of the others and thus is bound 
to bring us closer to the truth. 

Brunswik Bug: It is difficult to give a defi- 
nition of behavior which is acceptable to 
everyone, A fairly operational definition, one 
which is rather widely accepted, states that 
behavior is the interaction of the organism 
with the environment. There are two major 
ways of dealing with this relationship: one 
is geometrical or geographical, and the other 
stresses the temporal dimension. My profes- 
sor, the late Egon Brunswik (1953) used to 
picture the spatial dimension as shown in 
figure 1, which he liked to call the Bruns- 
wik bug. The organism is represented by 
the rectangular figure, and it has two main 
types of commerce with its environment. In- 
formation enters on the receptor side shown 
at the left of the diagram, and activity is 
produced on the effector side shown on the 
right. What transpires between these two 
boundaries is usually not considered by psy- 
chologists, The skin, or one of its homolo- 
gies, in Brunswik’s system is a magic border 
between the organism, and its environment; 
it also serves as a conceptual separation be- 
tween the basic anatomical and physiological 
disciplines, and the psychological. For ex- 
ample, consideration of rods, hair cells, Pa- 
cinian corpuscles, and muscle spindles is 
mainly in the province of physiology, and 
anatomy, whereas dark adaptation, tonal dis- 
crimination, pressure perception and stere- 
ognosis are primarily the concern of psy- 
chology, although psychologists may deal 
additionally with the former phenomena. 

The Black Box: Because most animals 




















Areas (regions): 
Geographic (ecological) environment 
neeuwoore* <a secieel Distal ore rmee ces ecc en, ——s 
see ail PP nett Proximal ASSIb wR etbien a 
er 1 es Peripheral ------..): 
Central 
Stimuli Overt 
responses 
Organism 
a © : 4 i 
—~ Ye ; 
H i ; 








Fig. «. Diagram illustrating the behavioral rela- 
tionships between the organism and its environment. 
(From Brunswik, E.: The Conceptual Framework 
of Psychology, Chicago, University of Chicago Press, 
1952.) 
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larger than microscopic size are also opaque, 
an observer can only see their external 
shapes and changes in form or position, in- 
cluding what they may add or subtract from 
the environment. Underneath are the hid- 
den tissues, and organs which are the bases 
of behavior, but ordinarily their presence 
must be inferred. For example, during this 
very meeting we may observe a good deal of 
behavior, but the only organs and tissues we 
perceive are on our dinner plates. On Madi- 
son Avenue where knowledge of behavior is 
a business, the advertising men are not con- 
cerned with customers’ bra‘ns, or stomachs, 
or gonads, but in the thoughts, hungers, and 
passions these underlie; therefore, their un- 
derstanding of behavior is strictly limited. 
It is my conviction that if psychology is truly 
to progress, then the black box must be 
opened and one of the keys is provided by 
genetics. Such phenomena as hate, thirst, 
forgetting, hallucinations, and insight will 
continue to deserve serious study, but revela- 
tion of the physiological mechanisms con- 
trolling them will make them much more 
meaningful. 

Physiological studies on the other hand, 
center upon functions within the body. The 
heart pumps blood, the kidney regulates the 
composition of the blood, the liver is the 
chemical factory of the body. These types 
of functions can be adequately studied in an 
unconscious animal, On the other hand, the 
nervous system and its complex functions 
to be fully understood, must be studied in 
the waking animal. Of course, for purposes 
of analysis, some of the waking functions 
may be excluded but if they are all elimi- 
nated, so is behavior. A great deal can be 
learned about the centrai nervous system in 
the unconscious animal but not everything 
as Magoun and co-workers (1950) have so 
elegantly demonstrated. On the other hand, 
the dead animal can disclose something about 
function by implication. Both anatomists 
and pathologists are interested in the struc- 
tures and structural changes to be found in 
dead animals. In living animals these struc- 
tures are less amenable to study but ulti- 
mately structure is meaningful only in a liv- 
ing, functioning animal. 

B. F. Skinner in his book Science and Hu- 
man Behavior (1953) in a sense, glorified 
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the black box approach to psychology, be- 
cause he implied that physiologizing is a 
pernicious habit, and that the psychologist 
should restrict himself to operational defini- 
tions involving only directly observable be- 
havioral phenomena, “Drive” to him, for ex- 
ample, is a verbal device to account for a 
state of strength. It must be said in his de- 
fense that many of his followers are using 
his techniques to study physiological and 
pharmacological processes and there is no 
question that in the end there will be a rap- 
prochement between Skinner’s view and the 
views of physiological psychologists. 
Distal Relationships: A distinction has 
been made between receptors, such as eyes 
and ears which put us in touch with distant 
parts of the environment, and those such as 
tastebuds and pain endings whose range of 
function is limited. However, a Braille pas- 
sage is more than just a series of tactile dis- 
‘criminations to a blind man and the scent of 
a bitch in heat is more than chemical stimu- 
lation of nasal epithelium to another dog. 
On the receptive side, it is well known that 
man and higher mammals are not complete 
slaves to their senses. Perception is both 
selective and inferential and the environment 
appears much more uniform than the senses 
would imply. For example, the human lens 
is so optically poor that most good lens mak- 
ers would be ashamed to reproduce one. 
Somehow though, adequate compensation in 
the nervous system is made for distortion of 
chromatic aberration, astigmatism, and other 
defects in the eye, so that we are able to 
see a highly resolved picture. Coins look 
round, but their images on the retina are 
actually elliptical. The white shirt of the 
man sitting next to you sends more light 
to your eye than that of the fellow standing 
ten feet away and yet it does not seem any 
cleaner, The reason is that somehow the 
visual perception system allows for, or com- 
pensates for, the differences in absolute 
amounts of light falling into the eye. The 
perceptual constancies (such as the example 
seen in figure 2) are so compelling that in 
many respects they seem instinctive. In fact, 
they are to be found at rather low levels of 
the animal scale. However, Hebb and his 
followers (1953) have shown by experi- 
ments, in which mammals were reared under 
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various kinds of sensory isolation, that rel- 
atively universal forms of perception may be 
learned. 

The outward flow of information, mani- 
fested by the influence of the organism upon 
its environment, is the other type of inter- 
action which can readily be observed. The 
distinction between sensory and motor is an 
old one. It goes back at least as far as the 
time of Aristotle but subsequently the solid 
physiological facts underlying it exemplified 
by the Bell-Magendie law, the law of nerve 
roots, were discovered. Afferent impulses 
go into the body and efferent impulses come 
out, but into and out of what? The question 
which is the ultimate structure has intrigued 
philosophers and physiologists alike. Des- 
cartes was concerned with this problem and 
his suggestion that the pineal gland is the 
seat of the soul (see figure 3) is no more 
implausible than the assumption that the © 
reticular system, or the hypothalamus, or 
the cerebral cortex for that matter, is the 
place where all impulses funnel in and out 
of the brain. In any case the emanations 
from the organism are not stereotyped mus- 
cle contractions but integrated activities 
which are aimed at goals and ends. 

One of the important characteristics of be- 
havior, emphasized by Tolman (1955), is its 
purposive nature. For example, a dog try- 
ing to find his food in a particular place will 
easily take a detour if necessary. If a drop 
of acid is placed on the back of a spinal frog, 
it will wipe it off in a reflex manner with 











Fig. 2. An example cf visual size constancy. The 
three individuals are really approximately the same 
size, whereas the door and windw on the left are 


much bigger than those on the right. The domi- 
nance of perspective and other background cues are 
responsible for this illusion. (Courtesy W. J. Witt- 
reich and Scientific American, April, 1959.) 
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Fig. 3. Descartes’ schema illustrating stimulus- 
response relations. Diverse sensations converge on 
the pineal gland which functions as an integrating 
center and in turn directs movements. (Courtesy A. 
C. Crombie and Scientific American, October, 1959.) 





an ipsilateral leg on the same side. If this 
leg is restrained, however, it will use the op- 
posite leg to wipe the acid spot. This is 
teleclogy or purposiveness which must be 
understood in an evolutionary rather than a 
theological sense. The ability of the body 
to use different means to reach the same 
ends has been called “vicarious functioning”’ 
(Hunter, 1932). 


An example of motor equivalence is found 
in an experiment by Lashley and Ball (1929) 
in which section of the cervical spinal cord 
did not interfere with the ability of rats to 
get through a maze. Knowledge of the phys- 
iological basis of both perceptual and be- 
havioral constancies is still very meager, but 
will undoubtedly be explained some day from 
a more intimate acquaintance with the work- 
ings of the brain. 

It would seem that the nervous system op- 
erates somewhat like a general with limited 
forces where the enemy is the outside world. 
On the motor side, by efficiently deploying 
his troops, the muscles and glands, the ani- 
mal can succeed in activities such as finding 
food and engaging in dangerous encounters 
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only when he knows he can win. By piecing 
together information from his spies, the 
sense organs, even with meager clues at 
hand, he can reconstruct the situation of the 
enemy and deal with him effectively. 

The anatomical pathways of the simple re- 
flexes are certainly known but one does not 
have to look very high in the scale of com- 
plexity to find reflexes of which the neuronal 
bases are still in doubt. If refiex action is 
still mysterious how much less is known of 
the mechanisms involved in broad spanning 
relationships, such as interaction between in- 
dividuals, families, political groups and na- 
tions. The facts the sociologists psycholo- 
gists, anthropologists, and psychiatrists deal 
with are rooted in man’s nervous system. 
However, generally speaking, these investi- 
gators do not concern themselves with the 
biological routes since they are difficult to 
reveal, 

The Temporal Dimension: A different way 
of regarding behavior is to consider it from 
a temporal point of view. Time, whether in 
milliseconds or millenia must certainly be 
considered an essential variable in all studies 
of behavior. When very long time intervals 
are involved it is the existence of species 
rather than the individual which is most evi- 
dent and it is particularly fitting that we 
should examine behavior now in the light of 
evolution. Jut 100 years ago in November 
1859, Charles Darwin published the Origin 
of the Species, certainly one of the most in- 
fluential books in its subsequent impact on 
science and philosophy. “Natural selection,” 
and “the survival of the fittest” are the 
catchwords of the biologist. Darwin’s theory 
has brought order into the chaos of biolog- 
ical forms and it also furnished a basis for 
understanding the bewildering varieties of 
behavior in the animal world. First of all 
the evolution of structure is most obvious to 
a post-Darwinian. The different shapes that 
animals have assumed are relatively easy to 
explain on evolutionary bases, The pattern 
and modes of movements are the next most 
obvious in terms of evolution. The least ap- 
parent, and most difficult to explain are 
types of perception. For example, that cats 
are color blind, or the fact that bees respond 
to polarized light is not readily apparent, and 
it takes special techniques to reveal them. 
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It is commonly thought that evolution has 
proceeded from the simpler to the more com- 
plex, but, of course, this is not necessarily 
true at all. There are many parasites which 
have both a simpler motor existence and a 
far simpler morphology than their ancestors. 
The tapeworm (figure 4) has no power of 
locomotion or sensation and leads what must 
be a very boring, sedentary existence, de- 
voted to absorption and reproduction. As 
far as behavior is concerned, when that of 
man is compared to the lower animals in gen- 
eral, one might say that there has been pro- 
gression from the simple to the complex. 
This is certainly true in feats of learning and 
communication in particular but it is not 
invariably true of perception. For example, 
bats have much more acute powers of per- 
ception in certain areas than man, such as 
the ability to locate objects by supersonic 
echoes (figure 5). 

In general, it might be said that behavior 
like anatomy exists to fit the individual to 
his environment. In a cruel environment, a 
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Fig. 4. Drawing of tapeworm forms. Note partic- 
ularly the relative simplicity of the proglottids. 
(From Mackie, T. T., Hunter, G. W., and Worth, 
C. B.: A Manual of Tropical Medicine, Philadelphia, 
Saunders, 1945.) 
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Fig. 5. Wire-strung room in which bats are able 
to navigate by means of sonar or echo-location. 
Their auditory acuity is so great that blinded bats 
may catch insects on the wing by reflected sound. 
(Courtesy D. R. Griffin and Scientific American, 
July, 1958.) 





normal anatomy and poor behavior consti- 
tute a bad risk. A rabbit that walks into 
a lion’s den is not going to have many de- 
scendants, particularly if he does it when 
young. On the other hand, bad anatomy and 
good behavior constitute a good risk for sur- 
vival because clever behavior can often com- 
pensate for bad anatomy. The hermit crab 
does not inherit a hard shell like other crabs 
but it manages to get by with what shelter it 
can appropriate. Parasites, degenerate as 
they may seem, are in some ways the clever- 
est productions of nature. Man, through his 
ingenuity, is able to vanquish bears and lions 
who are much stronger and bigger than he 
is. However, consider the weak little ma- 
laria parasite that does not even have a ner- 
vous system, let alone a brain, and yet is 
able to sicken, or to slaughter God’s most 
perfect creations (Sherrington, 1946). Rich- 
ter (1959) has indicated some of the devas- 
tating effects that domestication has had on 
the ability of various animals to survive in 
the world and he feels that one of the most 
domesticated animals is man, himself. Cer- 
tainly tame rats in a wild environment have 
very little chance of success but they are 
admirably suited to propagation in a labora- 
tory. Whether civilization has actually im- 
paired the human race is a moot point. The 
Hippocratic Oath, democratic principles, as 
well as concepts of morality and ethics, have 
all modified the struggle for existence. With 
the conquest of pestilence and dangers of at- 
tack from wild animals, adequate food, cloth- 
ing, and shelter for most humans, the world 
population is mushrooming, even exploding 
at an alarming rate, Placement of intelligent 
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curbs on the production of human beings 
is becoming not only desirable but necessary, 
and human geneticists are going to have an 
important role in this type of planning. 

Specialization and Socialization: Just as 
parasites have successfully evolved, the “sur- 
vival of the fittest” does not mean that weak 
and imperfect creatures are doomed to elim- 
ination. The most primitive colonies, the 
sponges, have inhabitants that would not 
survive alone. Specialization and socializa- 
tion are two sides of the same coin. It is a 
misconception to think that evolution favors 
only the perfect physical or mental speci- 
mens. The horseshoe crab has survived 
where many stronger and cleverer speci- 
mens, considerably higher on the evolution- 
ary scale, have perished. 

Some may think that it is unnatural for 
civilized man to protect and nurture the fee- 
bleminded, the psychotics, and the physically 
crippled. Survival of the weak in nature is 
actually the role, not the exception, but with 
one important qualification — that those 
spared ultimately contribute to the survival 
of the species. Nature is willing to accept 
such credit and enable weak young and un- 
aggressive females to survive through the 
agency of social factors. In human attempts 
to alter natural mortality, nature’s impor- 
tant qualification is often overlooked. It is 
interesting that fighting within herds prob- 
ably has survival value for the herd as a 
whole by weeding out the weak and hence 
this type of behavior is perpetuated, Both 
the desire and ability to fight is usually re- 
stricted to the mature males and in this way 
the weaker females and young are protected 
as they necessarily must be. One wonders 
whether the heads of state who guide our 
fate have been endowed by the ages with 
sufficiently placid disposition to allow nature 
to extend a promissory note to future gen- 
erations of mankind. 

Comparative Psychology: The compara- 
tive approach to psychology, taking into ac- 
count as it does, differences on the phylo- 
genetic scale, can certainly teach us a good 
deal about genetic factors involved in be- 
havior. The variations between species of 
animals are certainly due to genetic factors, 
both for structure and behavior. The limi- 
tations that extraneuronal structures place 
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upon behavior is sometimes quite obvious; 
fish cannot walk and pigs cannot fly. Less 
obvious but just as restrictive are limitations 
imposed by the nervous system. The struc- 
ture of the larynx and pharynx of the chim- 
panzee for example is relatively similar to 
that of the human being, yet these creatures 
cannot talk. The Hayes (1951) spent years 
of intensive effort in attempting to teach 
Vicki, their home-raised chimpanzee, the 
rudiments of human speech. Unfortunately, 
she only succeeded in learning to say four 
monosyllabic words and these without pho- 
nating. The hands of most primates resem- 
ble those of man rather closely, and yet, in 
a wild state these animals rarely use them 
for more than locomotion and feeding. Ro- 
dents and amphibia are scarcely less skilled 
with their forelimbs, 

Comparative psychologists have had re- 
markably little success in comparing species 
for intellectual differences. Controlled ex- 
periments require that nothing but the vari- 
ables under investigation should be varied. 
Various species deviate from one another in 
so many respects that it would be difficult 
to ascribe differences in performance on a 
given test to purely cerebral factors. A maze 
suitable for a rat may not be for a horse or 
a pigeon. 

A notable advance in the study of inter- 
species differences in intellectual behavior 
has been made by Harlow (1949) with the 
use of learning sets. The gradual improve- 
ment in successive discrimination is much 
better in old world monkeys than in more 
primitive world monkeys, and the marmosets 
and infraprimate species are correspondingly 
poorer in learning (figure 6) (Miles, 1957). 
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Fig. 6. Ability of different primate species to form 
learning sets. Note the relative superiority of the 
rhesus monkey over the more primitive species. 
(From Miles, R. C.: J. Comp. and Physiol. Psychol., 
1957, 50, 356-357.) 
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Genetics and Behavior: The degree to 
which behavior is inherited has been a peren- 
nial problem and a constant source of con- 
troversy. The reasons for the controversy 
are perhaps even more puzzling than the 
facts involved themselves. The downgrad- 
ing of heredity in psychology received its 
greatest emphasis from Watson (1924) 30 
or 40 years ago in a protest against McDou- 
gall’s (1911) instinct theory, when political 
and social implications certainly played an 
important part in this attitude. The Decla- 
ration of Independence asserted that “all 
men are created equal,” and many social! psy- 
chologists took this as a postulate for their 
science, and some still do. The greatest di- 
lemma with such an interpretation of demo- 
cratic principles centered around the subject 
of intelligence and is made even more for- 
midable by the problems involved in meas- 
uring intelligence. It is certainly clear that 
specific stereotyped behavior patterns are 
not inherited in man and that learning may 
be very important for even simple behavior 
(Hebb 1953). Yet, it is obvious that man’s 
mind does not begin as a tabula rasa. A lump 
of clay, even if sent to the best schools, is not 
going to develop into a man. Infants at the 
moment of birth differ not only in their po- 
tentialities but in their actual behaviors. 
(Gesell, 1946.) 

In the future man’s ab/lity to correct ge- 
netic defects by, say, enzyme replacement 
may produce results which are inconceivable 
today. By learning more about hereditary 
defects, environmental control may actually 
be enhanced. Watson, the arch environmen- 
talist, claimed that he could take any baby 
and with the proper environment, train it to 
become any kind of gifted adult. He would 
have had to have been very clever to make a 
mathematician out of an anencephalic child. 
Due to limitations of regeneration at pres- 
ent, it is not possible to grow a new brain 
or a new kidney on a human however de- 
sirable or necessary, but it is possible to 
grow new skin or blood. Yet, as our mag- 
azine advertisements testify, people never 
tire of trying to find a cure for baldness, or 
to turn 97 pound weaklings into perfect 
physical specimens. Today a good plastic 
surgeon or a devoted teacher can sometimes 
improve on nature. If it ever becomes pos- 
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sible to influence the genes themselves, ei- 
ther chemically or physically, the prospects 
would be staggering. 


The implied dichotomy between heredity 
and environment is no longer accepted by 
serious students of behavior. It is obvious 
that the structure of the nervous system, as 
well as the anatomy of the rest of the body, 
is determined primarily by the action of ge- 
netic forces, though fluctuations in intra- 
uterine and extra-uterine environment do 
have an influence. If one grants that the 
structure of the nervous system has a great 
deal to do with behavior, then the impor- 
tance of genetic factors is clear. There have 
been a moderate number of studies of beha- 
vioral genetics in animals (Tryon, 1929; 
Scott, 1942; Hirsch, 1958; Thompson, 1953, 
and others) which have clearly demonstrated 
that such characteristics as maze learning 
ability or temperament may be inherited. Be- 
cause of methodological and philosophical 
difficulties such studies in humans have been 
much rarer, but those which have been done, 
e.g. (Kallmann, 1953) demonstrate conclu- 
sively that important determinants of beha- 
vior are inherited. 


Ontogeny and Behavior: When shorter in- 
tervals are involved, events occurring within 
the life span of one individual may be stud- 
ied. Embryology is particularly concerned 
with prenatal events and the role of experi- 
ence is small though stressed by some 
(Hooker, 1944). Psychology occupies itself 
primarily with post-natal events and stresses 
experience. Certainly the study of matura- 
tion (Carmichael, 1951) has been somewhat 
disregarded and engulfed in the study of en- 
vironmental] influences and learning. 


Learning: Learning may be defined as the 
increase in the probability of an act on the 
basis of experience. W. H. Thorpe in his 
excellent and thoughtful book, Learning and 
Instinct in Animals (1956), defines learning 
as that process which manifests itself by 
adaptive changes in individual behavior as 
a result of experience . Thorpe’s definition is 
general enough, so that it fits most situa- 
tions, including those where adaptation is 
obvious, such as classical and instrumental 
conditioning. However, it also fits situa- 
tions where adaptation is not so immediately 
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evident as in perceptual learning, or latent 
learning. 

In view of the fact that today the genetics 
of disordered behavior is under discussion, it 
would be worthwhile to consider how one de- 
cides whether a behavior is adaptive or mal- 
adaptive. Adaptation may be defined as that 
process which enables the organism or the 
species to survive. Activities which are 
based upon what are usually considered fun- 
damental drives or motives are generally 
adaptive in nature. Eating, drinking, sexual 
behavior, maternal behavior, all clearly have 
as an end the survival of the individual or 
the species. There certainly is a subordinate 
and a superordinate arrangement of the sur- 
vival of the individual and the species, re- 
spectively, and there is no question that in 
the long run it is the survival of the species 
which is more important. It may seem for 
example that suicide is a mal-adaptive type 
of behavior but there is ample evidence of 
such behavior in the animal world: bees com- 
mit suicide when they sting an enemy, cer- 
tain types of male spiders pay with their 
lives when they successfully court a female, 
lemmings commit suicide during their mass 
migration into the sea. It must be admit- 
ted that the conscious anticipation of death 
may not be involved with the lower animals 
as it seems to be with humans. 

In the long run with Darwinian principles 
at work, it is almost a tautology to say that 
the majority of inherited behavior tenden- 
cies which exist, are adaptive. Certainly, 
those traits which are non-adaptive would 
tend to be eliminated through the process 
of evolution. In humans on the other hand, 
the artificial protective mechanisms which 
have been devised with the advent of civili- 
zation have permitted the existence of types 
of behavior and of structure which otherwise 
could not have survived in a more primitive 
state. 

Probability Learning: Learning involves 
the persistent effect of perceptual events 
called memory but since it is adaptive it also 
involves the selection of such stored infor- 
mation to fit the circumstances of the mo- 
ment in order to guide behavior properly. 
Learning to respond properly to the dinner 
bell involves more than the memory of a mu- 
sical sound and a pleasant taste. It involves 
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an appreciation of the “belongingness,” as 
Thorndike (1931) put it, between two events. 

Philosophers have long been concerned 
with the problem of induction, or how one is 
able to predict the future on the basis of the 
past. In more prosaic terms in everyday 
life, this is known as gambling and as some 
homely philosopher has put it, all life is a 
gamble or at least it is full of gambles. All 
men have feelings of uncertainty about the 
future, yet the conviction that there is some 
lawfulness to nature is widespread, especially 
among scientists. Now, much of this law- 
fulness that one seems to find in nature may 
be built into the perceptual process rather 
than exist independently in the outside 
world. This is even true of lower animals. 
Years ago, Krechevsky (1933) showed that 
rats put into an insoluble situation did not 
act at all in a random fashion but rather 
tried systematic approaches, or as he called 
them, “hypotheses” to solve the problem. 
Some years ago I presented three groups of 
human subjects with a partially soluble prob- 
lem, a choice of two alternatives, one of 
which was correct 60, 67 or 75% of the time 
in a random fashion (Jarvik, 1951). These 
subjects tended to approximate the objec- 
tive probability with the relative frequency 
of their choices, However, upon further anal- 
ysis, it appeared that all of them had some 
hypothesis that a given lawful sequence was 
in existence and that they were trying to 
approximate this. Subsequently, a number 
of investigators using animals in an analo- 
gous situation had not been able to confirm 
this finding (Wilson and Rollin, 1959) but 
reported that the animals tended to choose 
the dominantly rewarded alternative close 
to 100% of the time. 

It is highly unlikely that subjective feel- 
ings of certainty or uncertainty are derived 
entirely from personal experience. For ex- 
ample, fear of high places has been shown 
to exist even in very young infants, where 
it is unlikely that the consequences of fall- 
ing have been fully verbalized (Walk, Gibson 
and Tighe, 1957). In this case, the subjec- 
tive probability is not based on a relative 
frequency of events in the experience of the 
subject but rather of the species. 

Chemistry and Behavior: Another dimen- 
sion along which behavior may be observed 
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is spatial magnitude. One may focus on a 
narrow field, a microcosm, or a wide field, a 
macrocosm, and may concern oneself with 
molecule cells, organs, whole organisms, or 
aggregations of organisms. The small units 
belong in the domain of the chemist but the 
inter-relationship between chemistry and be- 
havior is a subject of great current interest. 

The molecules which influence behavior 
may be divided into two groups, those which 
are normally found within the body, such as 
oxygen and testosterone, and glucose and 
those which are not, such as carbon monox- 
ide and morphine and Miltown. The latter 
substances are examples of drugs or pharma- 
cological agents. What a microscopist sees 
depends to a large extent upon the power of 
magnification he uses, In the same way, in- 
vestigators studying human beings may de- 
cide to concentrate on a very small aspect 
of the organism or to cover a large field. 

Since human capabilities are limited, it fol- 
lows that those who deal with wide ranging 
complexities will have to neglect details and 
vice versa. The focus of interest can range 
from concern with atoms and molecules to 
cells, organs, whole organisms, and aggrega- 
tions of organisms. The smallest units of 
the body are primarily the concern of the 
chemist. Certainly, the study of ionic trans- 
fer across membranes, particularly neural 
membranes, is becoming extremely impor- 
tant in the understanding of nervous activ- 
ity. The biophysicist, who specializes in this 
field has a long way to go to relate his find- 
ings to human behavior. Abraham Shanes 
has written (1958) : 

“Phenomena observed with either nerve or mus- 
cle alone have long been known to be insufficient for 
a description of events in the central nervous sys- 
tem. However, consideration of factors governing 
the operation of junctions, especially with respect 
to transmitters, such as their synthesis, their re- 
lease, and their effectiveness as affected by the sen- 
sitivity of the synaptic membrane, and the activity 


of the transmitter-splitting enzymes will probably 
prove enlightening.” 


There is no question that the chemistry of 
the body is an important factor in control- 
ling behavior. The principal of homeostasis 
of Cannon was preceded by Claude Bernard’s 
idea that the fixity of the internal milieu of 
the body was one of the first necessities for 
the maintenance of a free life. The mecha- 





nisms that maintain the constancy of the in- 
ternal milieu involve the nervous system only 
to a small extent. A spinal animal with a 
reasonable amount of assistance can main- 
tain bodily functions to a surprisingly great 
extent. However, in order to exist an or- 
ganism also has to have commerce with the 
environment and this in a sense can be con- 
sidered an outward extension of homeostasis. 

It must be realized that the environment 
does come to affect even the internal milieu 
of the organism. Efforts to get food, shel- 
ter, and water are ultimately directed at 
keeping the osmolarity of the blood, the in- 
ternal body temperature, and the blood glu- 
cose level as normal as possible. In addition, 
invaders in the form of viruses, bacteria, and 
animal parasites are continually entering the 
body and influencing its chemical composi- 
tion. The science of immunology is devoted 
to the study of the changes of internal chem- 
istry induced by this type of interaction with 
the environment. The formation of anti- 
gens in response to antibodies is a long-last- 
ing effect which in some ways is analogous 
to learning. Other long-lasting effects in re- 
sponse to environmental stimuli not involv- 
ing the nervous system, must be kept in mind 
whenever behavior and particularly learning 
is being examined. Changes that do not in- 
volve the nervous system cannot be consid- 
ered behavior but only analogous to it. Ex- 
amples include adaptive enzymes, the tanning 
of the skin in response to light conditions, 
atrophy or hypertrophy of muscles, changes 
in hematopoeisis in response to invasive or- 
ganisms, blood depletion, or anoxia. These 
are all examples of feed-back loops extending 
into the environment to allow better adapta- 
tion to environmental changes. The ability of 
a single organism to adapt to such environ- 
mental changes is undoubtedly genetic and 
lack of such ability is surely detrimental. Not 
only must this ability change in response to 
the demands from the environment but when 
the demands continue, the changes may be 
determined through selection. 

Let us consider tanning ability in humans. 
Presumably an optimal amount of sunlight 
on the skin is good for a person because of 
its contribution to vitamin D formation. Too 
much, however, causes inflammation and de- 
generative changes in the skin. White per- 
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sons living in the temperate zones are able 
to adjust themselves to seasonal variations 
by changing the amount of pigment in their 
skin. Dark skinned people in the tropics, 
however, where the amount of sunlight is 
great, have an inherited predisposition to 
have large amounts of pigment in their skin 
at all times during the year. Many Scandi- 
navians or Irish on the other hand, have rela- 
tively little pigment in the skin, and some of 
them have such difficulty in tanning that 
they must take extensive precautions to 
avoid exposing their skins to the sun. This 
then is an example of a characteristic which 
is partially determined genetically and par- 
tially by the environment. The analogous 
change in color, but with a different reason, 
is the darkening of an English moth in re- 
sponse to an increase in soot deposited on 
trees and buildings. Here, of course, is an 
example of protective coloration, with an 
evolutionary selection accelerated by pred- 
ators. (Kettlewell, 1958. See figure 7). 

In general, it may be said that slow adap- 
tive changes in the body taking days, weeks, 
months, years, or centuries depend upon pe- 
ripheral chemical changes or genetic selec- 
tion, whereas within the life of one individ- 
ual, changes taking minutes or seconds usu- 
ally depend upon a specialized organ system, 
the nervous system. 

One type of change in the nervous sys- 
tem that I would like to consider briefly is 
that produced by contact with foreign chem- 
icals or drugs. The phenomenon of addic- 
tion to opiates is well known but the mech- 
anism underlying the development of toler- 
ance or dependence is not. Certainly coffee 
drinkers and cigarette smokers are tolerant 
to the effects of caffein and nicotine, respec- 
tively. A drug which produces dramatically 
rapid development of tolerance in both ani- 
mals and man is lysergic acid diethylamide 
(LSD). This drug, the first time it is given, 
usually produces changes in behavior remi- 
niscent of a psychosis, such as schizophrenia. 
If the same doses are repeated daily, these 
effects diminish markedly from day to day. 
In figure 9 is shown the manifestation of this 
tolerance in monkeys tested in a delayed- 
alternation situation (Jarvik and Chorover, 
1958). The staircase effect indicates the 
same dose of LSD given on successive days 
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Fig. 7. Two months are shown on a clean lichen 
covered tree trunk in England. A century ago the 
light-colored moth exhibited protective coloration 
and the black moth was conspicuous. (Courtesy H. 
B. D. Kettlewell and Scientific American, March, 
1959.) 





Fig. 8. Two moths on a soot covered tree trunk in 
an industrial area. The dark moth has replaced the 
light one in such regions. (Courtesy H. B. D. Ket- 
tlewell and Scientific American, March, 1959.) 





diminishes markedly in its ability to impair 
accuracy. Note that two of the monkeys 
+10 and #12 show this phenomena very 
clearly, whereas monkey #15 does not. The 
mechanisms involved in the production of 
tolerance are still a mystery but individual 
differences in susceptibility to drugs or nat- 
ural tolerance which are undoubtedly genet- 
ically determined may throw some light on 
this question. 

Since my primary activity is in psycho- 
pharmacology, I would like to tell you why I 
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Fig. 9. Effect of repeated doses of LSD upon ac- 
curacy in a delayed response test with monkeys. Re- 
peating the same dose (small numbers) on succes- 
sive days results in tolerance indicated by dimin- 
ished impairment of accuracy. 














think drugs are useful means of understand- 
ing behavior. Psychopharmacologists are in- 
terested in one of two problems: first, what 
drugs can tell us about behavior and second, 
what behavior can tell us about drugs. Ob- 
viously the two views are inter-related, but 
pharmacologists are more interested in the 
first problem and psychologists in the sec- 
ond. We may accept without question the 
premise that the central nervous system con- 
trols behavior, and that input from the en- 
vironment and ouput to effectors are regu- 
lated in this organ system. In order to un- 
derstand this regulation, we have to be able 


to analyze the action of the central nervous 
system, a feat of considerable difficulty in an 
unanesthetized, normally performing animal. 
One way to approach this with relative ease 
and few operative procedures, is to give the 
animal drugs that are known to affect the 
central nervous system. An advantage of 
using drugs is that the animal recovers com- 
pletely, so that several treatments with in- 
terspersed controls may be used in a single 
animal. Of course, drugs alone wiil not re- 
veal the relationships between brain and be- 
havior but if psychopharmacological studies 
are interpreted in the light of data obtained 
from surgical and electrical procedures, it is 
clear that progress in this field is inevitable. 

How can the psychological effects of drugs 
contribute something to an understanding of 
the genetics of disordered behavior? It is 
very evident from a large number of psycho- 
pharmacological studies, using many species, 
that one finds marked individual variability 
in susceptibility to the action of drugs that 
affect the central nervous system, Clinicians 
tell us that individuals who react strongly to 
a drug are consistently susceptible, whereas 
individuals who are resistant tend to remain 
resistant. This sensitivity occurs in individ- 
uals who have never been exposed to drugs 
before. The possibility exists that differ- 
ences may be due to detoxification mecha- 
nisms residing in the liver. However, equally 
possible are innate differences within the 
central nervous system. The reason for such 
differences would require the use of a large 
number of subjects, and twins would be ideal 
for such purposes. Certainly strain differ- 
ences in response to drugs in mice and rats 
have been reported and intra-species differ- 
ences in drug responses are known to be tre- 
mendous. 

Inborn errors of metabolism can teach us 
something about genetic differences in drug 
susceptibility. The ability to handle natural 
food products generally is not considered un- 
der the heading of pharmacology but the dis- 
tinction between natural and unnatural 
chemicals is certainly an arbitrary one. For 
example, a genetically determined glucose-6- 
phosphate dehydrogenase deficiency in cer- 
tain individuals renders them sensitive to the 
toxic effects of primaquine as well as a va- 
riety of other drugs. Pseudocholinesterase 
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deficiency renders patients unusually sus- 
ceptible to succinylcholine. Myasthenia gra- 
vis and amyotonia congenita are also dis- 
eases in which cholinergic mechanisms are 
disturbed and consequently so are reactions 
to drugs in this family. Since drug receptors 
are frequently enzymes or other proteins, 
there is reason to believe that variations in 
susceptibility to a wide variety of drugs 
should be genetic in nature. 

The next level of dealing with the organ- 
ism is the anatomical and physiological. In 
one sense, and animal’s anatomy is the only 
thing it inherits. What an anatomy does is 
physiology and psychology (and genetic for 
that matter if the structure of the gene is 
considered anatomical). There is some ques- 
tion in certain quarters whether it is nec- 
essary to study anatomy and physiology in 
order to know behavior. Skinner and many 
of his followers, are content to let the ner- 
vous system be the black box, and just view 
the inter-relationships between environmen- 
tal changes and behavior. Even though it is 
a matter of preference whether one attends 
to or ignores the central nervous system, the 
sum total of knowledge is never increased 
by ignoring anything, except through the 
gain in personal efficiency attained by re- 
stricting one’s attention. There is no ques- 
tion that anatomy and physiology do con- 
tribute to our understanding of behavior, 
even when behavior itself is not completely 
understood. 

Structural Differences in the Central Ner- 
vous System As Determinants of Behavior: 
Despite an immense amount of research into 
the relationships between brain and beha- 
vior, we are only just beginning to under- 
stand the functions of the brain. We can 
follow sensory pathways into the nervous 
system and we can trace motor pathways 
back but except for the simple reflexes, we 
do not know how a stimulus is connected 
with a response. It is not surprising that 
studies of structural variations in the ner- 
vous system have been difficult to correlate 
with psychological functions, 

When Albert Einstein died, his brain was 
carefully dissected by one of the world’s best 
neuro-pathologists. Yet, there was no way 
of telling how this structure was responsible 
for one of the greatest intellects of all time. 
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Attempts to relate such characteristics as 
brain weight or fissural pattern to intelli- 
gence or eminence have not been particularly 
successful (Spitzka, 1907, Basset, 1914). It 
is well known that there are hereditary dis- 
eases involving central nervous system pa- 
thology which are accompanied by behavi- 
oral abnormalities, and these include Hun- 
tington’s chorea, Friedreich’s ataxia, Nie- 
mann-Pick disease, and Wilson’s disease. Nu- 
merous pathological studies on the brains of 
mental defectives have reported a variety of 
differences from normal structure, including 
reduced numbers of neurons, increased num- 
bers of glial cells, and irregular arrange- 
ments of cells and fibers. The difficulties in 
arriving at meaningful conclusions from 
these studies are due to a lack of knowledge 
of the function of structures in the brain, 
and related ignorance of what behaviors to 
examine. As Lashley (1947) has put it in 
discussing this problem: 

“.,.an attempt to relate phylogenetic and individ- 
ual differences in behavior to brain structure is, 
therefore, an adventure in correlating the mysteri- 
ous with the unknown.” 


Psychological Approach: The next most 
molar level at which behavior is attacked is 
the psychological, Here the behavior itself, 
in one or more of its many manifestations is 
a focus of interest. As one examines the di- 
rectory of the American Psychological As- 
sociation, one finds listed several hundred 
people whose interests and training are more 
varied than those of perhaps any other pro- 
fessional group. Even though they all have 
something to do with behavior, psychologists 
speak different languages. It is common 
enough in a university to find psychologists 
who feel they can communicate more easily 
with mathematicians, physiologists, engi- 
neers, psychotherapists, efficiency experts, 
musicians, artists or poets in other parts of 
the university than they can with the psy- 
chologist next door. Nevertheless, the knowl- 
edge segregated by the specialist diffuses 
across boundaries and the result is beneficial 
to all. In psychology as in other fields, spe- 
cialization relieves each man of the impos- 
sible task of knowing the whole field. 

Disordered Behavior: There are two 
groups of psychological specialists who are 
primarily interested in disordered behavior: 
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clinical psychologists, and psychiatrists. For 
the most part, interest has been centered 
upon treating deviations in behavior and re- 
turning the individual to a normal life. 
Knowledge of etiology has lagged far behind 
therapy. Purely psychological approaches 
to the problem of mental disease have been 
remarkably disappointing, considering the 
length of time and the amount of effort 
which has been applied to them. Certainly 
the most encouraging work has come from 
the field of genetics, and the demonstration 
that genetic factors play a part in mental 
disease. Genetics implies structure, and if 
there is a genetically determined behavioral 
characteristic, then there must be some or- 
ganic substrate albeit at a molecular level. 
The next biggest breakthrough will come 
when structural changes underlying such 
disordered behavior as schizophrenia are re- 
vealed. 

Psychiatry is a branch of medicine that 
deals with deviant behavior, and may be con- 
sidered to have the same relation to psychol- 
ogy, which deals with normal behavior, as 
medicine has to physiology, or as pathology 
has to anatomy. It is only partly a science 
because most of its practitioners are pri- 
marily interested in treating disease, how- 
ever empirically, whereas some are inter- 
ested in investigating cause and effect rela- 
tionships in the mechanisms underlying men- 
tal disease. The physician whether he prac- 
tices psychiatry or some other branch of 
medicine is a meddler with nature; he tries 
to cure, which means he tries to change the 
natural course of events. The psychiatrist 
is at a disadvantage in comparison with his 
physician brothers in that he is ignorant of 
the etiology of the disease he is dealing with, 
even though he may at times fool himself 
into thinking he is not. Despite this, he has 
various types of measures open to him in 
treating mental disease, First of all, he may 
use psychological therapy involving verbal 
communication; psychoanalysis is an exam- 
ple of this. Secondly, environmental therapy 
is at his command; he can advise the patient 
to change his environment, i.e. to take a ve- 
cation or a trip, or he may send the patient 
to a sanitarium or a hospital. Thirdly, he 
can use physical methods, such as electro- 
_ shock therapy; drugs are now the most im- 
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portant recent advance in therapy and I 
would say the most hopeful advance. How- 
ever, it is important to realize that the use 
of drugs is still empirical because the eti- 
ology of the major neuroses and psychoses is 
still in doubt. One can see what the tran- 
quilizers, and now the antidepressants, are 
doing to overt behavior in depressed or ex- 
cited states, but the question of how they are 
doing it, whether they are influencing the 
etiological factors in disease remains to be 
answered, 

Psychiatry also involves another aspect 
which is less exploited than it should be, 
and this is the preventive aspect, Certainly 
environmental factors play a part even in 
diseases which are highly genetically deter- 
mined, and ideally the psychiatrist should 
know what types of precipitating factors 
may exacerbate or ameliorate a condition. 
On the other hand, control of genetic fac- 
tors is a bit more difficult and those inter- 
ested in eugenics have a thorny path to tread 
in this field. First of all, the work of Kall- 
mann (1953) and others demonstrated con- 
vincingly that certain psychiatric disorders 
are genetically determined. These include 
schizophrenia, manic-depressive psychosis, 
homosexuality, and mongolism. Conditions 
where genetic factors appear to play a lesser 
role are suicide and neurosis. 

How can one arrest the contamination of 
the human race with undesirable genetic 
traits, particularly in psychiatry, or in psy- 
chiatric disorder? Certainly the mutation 
rate is difficult to control, although better 
planning of atomic explosions might help. 
Genetic counseling offers one approach and 
legal measures another. As far as the per- 
sistence of maladaptive traits is concerned, 
mutations work against eugenics and nat- 
ural selection works with it; civilization 
frustrates natural selection and encourages 
the transmission of mutant traits. Individ- 
uals who would either perish or not propa- 
gate under more primitive conditions are 
kept alive well into the child bearing age. 
It is true that in many mental institutions 
the sexes are segregated but even these re- 
strictions are overcome. Sterilization proce- 
dures are practiced in some states, There is 
little opposition when it is practiced on the 
feeble minded, somewhat more so when it is 
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used on psychotics, and a great deal against 
its use in neurotics. 


Conclusions 


It can be seen that behavior is viewed by 
people in various fields in a different light. 
This has been called the age of specializa- 
tion, when each expert knows a great deal 
about a little, and it is not surprising that be- 
havior, which encompasses so many disci- 
plines, should be parcellated to a great ex- 
tent. One man can no longer master all hu- 
man knowledge, or even a single, large part 
of it like Aristotle or Leonardi DaVinci. One 
of my teachers who died an old man several 
years ago told me that as a young man he 
read every contemporary paper published in 
his field. There are few who can make this 
claim today, or who would even try to. Nev- 
ertheless, there are dangers to specialization 
which are akin to those penalizing the gam- 
bler who plays for high stakes. The extreme 
specialist in terror, Tyrannosaurus rex, when 
alive, must have seemed invincible, but the 
fossil remains of this extinct species speak 
otherwise. This is not to say that the lepi- 
dopterist or spleologist are doomed to per- 
ish. However, the fields which are most pop- 
ular, and can be understood by the average 
congressman tend to get the most financial 
support these days, whereas the most recon- 
dite areas are likely to go begging. Com- 
petent workers in mental health are assured 
funds, however, since the magnitude of the 
problerm is well known, 


It is both feasible and necessary to study 
with increasing intensity the hereditary fac- 
tors in disordered behavior. Recent prog- 
ress in the field of genetics promises to pro- 
vide an excellent base for such study. 


On the other hand, the methods currently 
in use for diagnosing and measuring disor- 
dered behavior are rather crude and subjec- 
tive. One of the important ways in which 
progress will occur in this field will be for 
the psychiatrist to join forces with the ex- 
perimental psychologist, as well as with 
physiologists and geneticists, and to study 
the patients in our mental institutions more 
intensively and objectively than is being 
done at present. A prerequisite for such co- 
operation is acquaintance of the psychiatrist 
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with these disciplines and with their major 
objectives. Symposia such as the present 
one can do much to influence psychiatrists to 
utilize the knowledge and techniques pro- 
vided by other sciences, as well as to inte- 
grate this knowledge to the end of dealing 
more effectively with mental disorders. 
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Biochemical Activities of the Cell Nucleus 


A. E. Mirsky, PH.D., and V. ALLFREY, PH.D. 


Recently a biochemistry of the cell nucleus 
has developed. It was inspired by knowledge 
that the Mendelian genetic factors are lo- 
cated in the nucleus and it should be consid- 
ered in relation to cytogenetics. 

DNA—The Germinal Material: A question 
that soon arose is whether a chemical com- 
ponent of the nucleus can be identified with 
the germinal material, which is contributed 
about equally by sperm and egg cells and 
which is distributed in the combined amount 
equally to the daughter cells at each mito- 
sis, Desoxyribonucleic acid (DNA) satis- 
fies these requirements, as was shown inde- 
pendently by two groups of investigators,’” 
for it is present in equal quantities in the 
different diploid nuclei of an organism, even 
in such different nuclei as those of hepatic 
cells and nucleated erythrocytes; and this 
quantity is precisely twice that found in a 
sperm cell. No other nuclear component has 
such a distribution. The ribonucleic acid 
(RNA) of the nucleus varies markedly from 
one type of nucleus to another and varies in 
a given nucleus with changing physiological 
conditions, The proteins of the nucleus also 
vary, in much the same way as do the cy- 
toplasmic proteins, as one passes from one 
cell type to another. Even the histones, ba- 
sic proteins attached to the DNA of somatic 
cells, undergo a drastic transformation in 
the course of spermatogenesis. DNA is the 
only nuclear component that can be identi- 
fied with the germinal material. 

Since the nucleus exerts a manifold infiu- 
ence over the biochemical activities of the 
cell, the nucleus itself must be a center of 
chemical activity. Some aspects of this ac- 
tivity will be concerned with the special 
events that occur when a cell is preparing 
to divide, or with the events that occur when, 
having recently divided, the cell nucleus is 
about to be reformed. Other aspects of nu- 
clear activity are more strictly character- 
istic of interphase, for some cells, notably 
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neurones, remain in interphase for more than 
fifty years. Such cells are exceedingly ac- 
tive and their nuclei exhibit many signs of 
activity. 

Isolated Nuclei: Isolated nuclei present 
great advantages for investigation of bio- 
chemical activities of the nucleus just as 
they do for investigations of nuclear compo- 
sition—DNA content, nuclear proteins and 
enzymes, Nuclei can be isolated by a num- 
ber of different procedures and the proce- 
dure to be used depends upon the type of ex- 
periment that is planned. For determinations 
of DNA content, isolation after homogeni- 
zation in citric acid is the procedure of choice 
because no DNA is lost from the nuclei and 
because by this technique nuclei can be read- 
ily isolated from many kinds of tissues. For 
studies on water-soluble nuclear enzymes 
and metabolites it is desirable to first lyophil- 
ize the tissue, break the cells in a non-aqueous 
medium and also isolate the nuclei in non- 
aqueous media. Such a procedure avoids 
two sources of error which frequently com- 
plicate the study of nuclei isolated in aqueous 
media: loss of material by extraction from 
the nucleus, and adsorption of cytoplasmic 
materials by the nucleus. The citric acid 
and non-aqueous procedures are unsuitable 
for studies of the general metabolism of the 
nucleus because they are not gentle enough. 
Isolation of nuclei in isotonic sucrose con- 
taining 0.003 M CaCl, is a more gentle proce- 
dure, and in this way nuclei can be prepared 
from calf thymus which retain for several 
hours much of their vital activity, which 
will be described presently. 


When nuclei are isolated by the same su- 
crose-CaCl, procedure from other tissues, 
such as liver and kidney, they are found to 
be quite inert. This difference between nu- 
clei prepared from the thymus and those pre- 
pared from other tissues can probably be at- 
tributed to the retention by isolated thymus 
nuclei of certain essential metabolites which 
are extracted from the other nuclei in the 
course of isolation. When nuclei are iso- 
lated by the non-aqueous procedure all of 
them are found to possess these metabolites; 
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only thymus nuclei, however, retain them 
after isolation in sucrose-CaCl.. 

One might, of course, suspect that prepa- 
rations from the thymus are different be- 
cause they are not in fact isolated nuclei, but 
small lymphocytes with such a scanty cyto- 
plasm that they pass for nuclei when exam- 
ined under the microscope, With the elec- 
tron microscope, however, the cytoplasm of 
such lymphocytes is readily detected. Elec- 
tronmicrographs show that in our prepara- 
tions there are about 3% of intact lympho- 
cytes. Autoradiographs show that the bio- 
chemical activity to be described is not sim- 
ply due to the few lymphocytes present. 


Biochemical Activities of Nuclei: Isolated 
thymus nuclei can, under the proper condi- 
tions, synthesize protein, RNA and ATP.’ 


Protein Synthesis: If nuclei in sucrose- 
CaCl. buffered near neutrality, are gently 
shaken at bodytemperatureto aerate the sus- 
pension, it is found that a C’'-labelled amino 
acid in the medium is rapidly incorporated 
into the proteins of the nuclei. There is at 
first a lag period for about fifteen minutes, 
then a period of rapid incorporation lasting 
for about ninety minutes which gradually 
levels off as the nuclei disintegrate (Figure 
1). The uptake of amino acid represents a 
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Fig. 1. The time course of amino acid incorpora- 
tion into the proteins of isolated calf thymus nuclei. 
The specific C14 activity of the total mixed protein 
of the nucleus is plotted against the time of incuba- 
tion in vitro. 
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synthetic process and not simply an ex- 
change reaction. A wide variety of amino 
acids can be incorporated, but they must all 
be l-amino acids, d-amino acids not being 
incorporated. Aeration is necessary because 
synthesis requires the presence of oxygen. 
Presence of sodium ions is also required 
for protein synthesis and potassium ions can- 
not be substituted (Figure 2). This is note- 
worthy because the interior of the cell, in 
contrast to the extra-cellular fluid, is rich 
in potassium ions, Within this potassium- 
rich cytoplasmic environment the nucleus 
forms an enclave in which sodium ions are 
required for protein synthesis. There is 
also direct evidence that the nucleus is in- 
deed a sodium-rich pocket within the cell.* 
Uptake of labelled amino acids occurs at 
different rates in the various protein frac- 
tions of the nucleus. By far the most inert 
proteins in this respect are the histones. A 
protein fraction which incorporates amino 
acids most actively is a non-histone protein 
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Fig. 2, The dependence of amino acid incorpora- 
tion on sodium ions. The amount of C14-glycine in- 
corporated into nuclear proteins in a one hour in- 
cubation period is plotted as a function of the so- 
dium/potassium ratio of the incubation medium. The 
total salt concentration was held constant; only the 
Na+/K+ ratio was varied. . 
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that is firmly attached to DNA. Another 
active group of proteins are those which are 
readily extracted in saline, once the sucrose 
medium of the nuclei is withdrawn.’ 


RNA Synthesis: RNA synthesis is studied 
in isolated thymus nuclei by placing C*‘-la- 
belled RNA precursors, such as orotic acid- 
6-C** and adenosine-8-C'**® in the sucrose- 
CaCl, medium, after a given incubation pe- 
riod isolating RNA from the nuclei and fi- 
nally testing the RNA and its components 
for C'*. A detailed study of incorporation of 
various precursors shows that incorporation 
of adenosine represents synthesis of RNA 
but that the incorporation observed when 
C'*-orotic acid or uridine-C" is the precursor 
is to some extent an exchange reaction, for 
uridine of RNA is able to exchange with uri- 
dine in the medium.® 


RNA comprises only a very small part of 
the isolated thymus nucleus. The nuclear 
dry matter contains 25% DNA, more than 
70% protein and only about 1% RNA. Small 
as is the total quantity of RNA, it can be sep- 
arated into a number of distinct fractions 
(and surely this represents no more than a 
preliminary fractionation). One fraction, 
about 0.5% of the nuclear material, is read- 
ily extracted in a neutral buffer, once the 
sucrose-CaCl, medium is removed. Another 
fraction remains insoluble even after the 
extraction of the nuclei with concentrated 
salt solutions. This RNA is about 0.3% of 
the nuclear mass and is mainly, if not en- 
tirely, located in the nucleolus. Incorpora- 
tion of precursors and synthesis are about 
ten times as active in the “nucleolar” RNA 
fraction as in the soluble fraction.’ (Fig- 
ure 3.) 

The amounts of RNA and of protein syn- 
thesized in isolated nuclei can be calculated 
from the uptake of labelled adenosine and of 
alanine, if it is supposed that uptake of ade- 
nosine into RNA and of alanine into protein 
is indeed synthesis—and there are good 
grounds for this supposition. The average 
RNA is taken to have 16% adenosine and 
the average protein to have 7.6% alanine. 
It is then found that 10° nuclei synthesize 
8 mu g of protein per hour and 10.4 mu g of 
RNA per hour, and 85% of this RNA is syn- 
thesized in the nucleolus. The nucleolus, an 
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Fig. 3. The time course of adenosine-8-C14 incor- 
poration into different ribonucleic acid fractions pre- 
pared from isolated thymocyte nuclei. The specific 
C14 activity of the RNAs is plotted as a function of 
the time of incubation in vitro. 





exceedingly small part of the thymus nu- 
cleus, is a site of intense synthetic activity, 
limited however mainly to the synthesis of 
RNA, for autoradiographs show that very 
little protein synthesis takes place in the 
nucleolus.”* 


ATP Synthesis: The need for ATP as a 
source of energy for the synthesis of pro- 
tein and RNA in the nucleus is suggested by 
the dependence of synthesis on the presence 
of oxygen and by the inhibition of synthesis 
in the presence of cyanide, azide, 2, 4-dinitro- 
phenol, antimycin A, all inhibitors of oxida- 
tive phosphorylation in mitochondria.’ Fur- 
ther investigation showed that ATP is 
needed for protein and RNA synthesis in the 
nucleus and also that the nucleus has its own 
system for ATP formation.®’° 

Nuclei contain all those mononucleotides 
found in the cytoplasm, and thymus nuclei 
retain these metabolites even after isolation 
in sucrose-CaCl,. When isolated thymus nu- 
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clei are aerated by being gently stirred, their 
nucleotides become phosphorylated, so that 
the monophosphates decrease in amount 
while the triphophates increase, ATP being 
the most prominent. (Figure 4.) Phos- 
phorylation in the nucleus, as in the mito- 
chondrion, proceeds only in the presence of 
oxygen, There are some interesting differ- 
ences between the nuclear and mitochondrial 
systems of phosphorylation: 


(1) Although many inhibitors are effec- 
tive in both systems, it is significant that 
methylene blue, carbon monoxide and cal- 
cium ions do not affect nuclear phosphoryla- 
tion; 

(2) Only those mononucleotides already 
located within the nucleus are phosphory- 
lated, those added to the medium remaining 
unchanged, whereas to a mitochondrial prep- 
aration large amounts of mononucleotides 
may be added and are then found to be phos- 
phorylated; 


(3) When DNA is removed from nuclei 
(and no DNA has been found in mitochon- 
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Fig. 4. The changes in ATP concentration follow- 
ing aerobic phosphorylation in isolated nuclei. The 
Dowex-1 elution pattern shows the types and 
amounts of the different nucleotides occurring in 
thymus nuclei. Note the increase in ATP content 
after nuclear isolation and aeration. 





dria) phosphorylation stops. Most of the 
DNA of isolated nuclei can be removed by 
crystalline pancreatic desoxyribonuclease 
(DNAase), and if this is done in a sucrose- 
CaCl, medium, the mononucleotides are re- 
tained by the nuclei, but cannot now be phos- 
phorylated.'° 

Need for DNA: Removal of DNA from 
nuclei stops the synthesis of protein and 
RNA, as well as the synthesis of ATP, That 
the loss of over-all synthetic ability is due 
to absence of DNA itself and not to some 
other nuclear component that may be re- 
moved along with the DNA is shown by the 
fact that when DNA is restored to depleted 
nuclei, synthesis of protein, RNA and ATP 
now takes place. (The restoration of ATP 
synthesis by added polynucleotides if shown 
in Figure 5.) There is little doubt that the 
recovery of ability to synthesize protein and 
RNA when DNA is restored to nuclei is due 
to the fact that these nuclei are now able to 
synthesize ATP. Presence within the nuclei 
of ATP, and other phosphorylated nucleo- 
tides, makes possible the other syntheses. 
Deprived of the ability to phosphorylate, a 
nucleus is inert. It thus becomes clear that 
an essential role of DNA in the chromosome 
is to promote the phosphorylation of mono- 
nucleotides. 

Recovery of synthetic ability by DNA-de- 
pleted nuclei can be accomplished when they 
are provided with polynucleotides quite dif- 
ferent from the DNA originally present. 
DNAs prepared from other cells are as ef- 
fective as thymus DNA; and RNAs are as 
effective as DNAs. Even a synthetic poly- 
adenylic acid can take the place of thymus 
DNA. The substituting polynucleotide must, 
however, be of a certain molecular size to be 
effective, for dinucleotides are ineffective. 

DNA As a Polyanion: Two properties 
which polynucleotides have in common as 
substituents for DNA are their molecular 
size and negative charge. The attempt was 
accordingly made to revive DNA-depleted 
nuclei with polyanions that are not polynu- 
cleotides. The surprising result is that ATP 
synthesis, and also synthesis of protein and 
RNA, returns to DNA-depleted nuclei when 
heparin, chondroitin sulfate, polyethylene 
sulfonate or polyacrylic acid is substituted 
for DNA." A neutral molecule, such as poly- 
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Fig. 5. The effect of removing deoxyribonucleic 
acid on ATP synthesis in isolated thymocyte nuclei. 
The Dowex-1 elution patterns show (A) The ATP 
content of “control’’ nuclear suspensions; (B) The 
decrease in ATP following treatment with deoxyribo- 
nuclease, and (C) The restoration of ATP synthe- 
sis when supplementary DNA is added to DNAase- 
treated nuclei. 
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Fig. 6.° The effects of added polycations on amino 
acid incorporation by isolated thymus nuclei. The 
specific C14-activity of the nuclear protein after one 
hour’s incubation is plotted against the concentra- 
tion of added protein. The arginine-rich histone 
fraction I is a more basic protein than the lysine- 
containing histone fraction II, and is a more effec- 
tive inhibitor of nuclear syntheses. 





acrylamide is ineffective. These substitution 
experiments show that the negative electric 
charge of the DNA molecule has a great deal 
to do with the synthetic activity of the nu- 
cleus, 

In the nucleus many of the negatively 
charged groups of DNA are masked by com- 
bination with positively charged histones, 
and it may be that one function of the his- 
tones in the organization of the chromosome 
is to reduce or control chromosome function 
by masking the negative charges of the 
DNA. It is indeed found that addition of 
the highly basic arginine-rich histones (pre- 
pared from calf thymus nuclei) greatly in- 
hibits amino acid uptake into the proteins 
of isolated thymus nuclei. (Figure 6.) Thus, 
a basic protein prepared from the nucleus is 
capable of inhibiting nuclear activity. 

Control of Nuclear Activity: Negative 


charge of DNA and sodium ion concentration 
are surely only two of many factors that con- 
trol nuclear activity. If the other factors 
are still obscure, it is because biochemical in- 
vestigation of nuclear activity has only re- 
cently begun. Nuclear activity is highly va- 
riable under physiological conditions and 
how it is regulated remains to be learned. 
Variations in the microscopic appearance of 
nuclei in the acinar cells of the pancreas dur- 
ing the cycle of secretory activity were ob- 
served in 1875 by Heidenhain.** It was not 
until] 1955, however, that it was shown that 
in the nuclei of these acinar cells the rate 
of chromosomal protein synthesis can be 
greatly increased within less than thirty 
minutes by feeding.’* How protein synthesis 
in such nuclei is regulated by influences com- 
ing from without the cell is not known. 

The nucleolus is, as we have seen, a center 
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of intense synthetic activity. There are signs 
that nucleolar activity is variable under 
physiological conditions. Thus the size of 
the nucleolus in a hepatic cell is influenced 
by the diet. In the chlorophyll-containing 
cells of leaves there is a large diurnal varia- 
tion in nucleolar size (with little variation 
in nuclear size) correlated with photosyn- 
thetic activity. In neurones nucleolar size is 
an indication of the level of RNA metabolism 
in the cell as a whole, for in a group of neu- 
rones it has been found that there is a direct, 
quantitative relation between nucleolar size 
and the amount of RNA in the cell.’* How 
is nucleolar activity in neurones regulated? 
We may feel confident that, as in other phys- 
iological phenomena, as we learn more about 
the biochemical activities of the nucleus and 
how they are regulated, that we shall finally 
be able to control these activities. 
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General Cytogenetic Mechanisms 


LEON ROIZIN, M.D. 


Historical development of most of the bio- 
logical and medical sciences points out that, 
though each research worker might be stim- 
ulated by special interest, he utilizes mate- 
rial or concepts from various scientific fields, 
is inspired by particular circumstances and 
depends on the technical achievements of his 
era.In relation to these conditions the pathol- 
ogist finds himself in special circumstances 
because his fundamental activity takes place 
at the intersection of various scientific cross- 
roads. Speaking figuratively, the subject of 
our discussion could be envisioned as a clin- 
ical by-product of a land planned by geneti- 
cists, built by embryologists, defined by anat- 
omists, worked by physiologists and fertil- 
ized by biological sciences. At present the 
cytological sciences are in full “renaissance” 
as a result of the use of improved or newly 
developed methodology,'*”’ such as light-, po- 
larized-, interference- and electron micros- 
copy, X-ray diffraction, ultra violet and infra- 
red spectroscopy, microincineration, autora- 
diography, tissue cultures, histochemistry 
(qualitative, quantitative, micro-analytical, 
etc.), differential centrifugation, etc. With 
this methodology attempts can be made to 
penetrate, study and analyze the previously 
unaccessible cellular and subcellular struc- 
tures, even at the molecular level. 


However, many of the concepts, some of 
which are based on technics still in various 
stages of experimentation or standardiza- 
tion, warrant caution in their interpretation. 
These concepts also require adequate confir- 
mation for accurate definition. Furthermore, 
in order to remain within the limits of our 
aims, our discussion will be restricted to 
some of the basic intracellular mechanisms 
responsible for maintaining the cells’ hete- 
rogeneous, physical-chemical and functional 
organization as an orderly, integrated, ana- 
tomical-physiological unit. 
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Structural Aspects 


The Cell As the Anatomical 
Unit of Plants and Animals 


Following Hooke’s “description of cell” 
(1665) ,°* Leeuwenhoek (1673) '** identified a 
variety “of free independent cells” (to 
which, however, he did not attribute any spe- 
cial biological significance). Subsequently, 
Malpighi (1675)*° pointed out that cell 
structure is observed in many plants and an- 
imal organs. Bichat (1802)'° emphasized 
that the organs are made of tissue, determine 
the physiological properties of the body, and 
are subjected to diseases as well. Thereafter, 
Dujardin (1835) ** confirmed the existence of 
a gelatinous substance inside the cells which 
Purkinje (1840)** and Mohl*' named “pro- 
toplasm.” During approximately the same 
period of time the nucleus and nucleolus of 
the cells were differentiated (Fontana, Rob- 
ert Brown—1833) .*1** However, the formu- 
lation of the “cellular theory” is attributed 
to Schleiden (1838) ?** and Schwan (1839) ?*’ 
who established that each cell is the funda- 
mental element of tissues of plants and ani- 
mals and that they are “similar in general 
but diverse in form and function” (Schwan). 
These concepts were applied by Virchow to 
his “cellular pathology” theory (1858) ,’* 
and he emphasized that every cell must come 
from a cell. Thus it was established that the 
cell is the fundamental] structural and func- 
tional element in health and disease. Since 
that time, much work has been done in es- 
tablishing the role of the cell in embryology, 
physiology, genetics and pathology. Many 
theories have been postulated in relation to 
the cell theory. Recently, Goddard* has 
suggested three basic generalizations: (1) 
the existence of life only in cells of uni- or 
multi cellular organisms; (2) the genetic 
continuity of life, and (3) the reciprocal re- 
lation of structure and function. 


In view of the fact that the cell is recog- 
nized as the essential “biological unit,” “the 
elementary organism” or the most simple 
“common denominator” of all plant or ani- 
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mal life, it is to biology what the molecule is 
to chemistry. It also has been accepted that 
one cannot pass beyond the simplification of 
the organized cell (the lowest common de- 
nominator of life) without losing the essen- 
tial capacity of continued survival and re- 
production, While recently a variety of sub- 
cellular structures were isolated they have 
shown only limited degree of function or sur- 
vival which some investigators have labeled 
“special and temporary” stages of reality.'*' 
With the development of finer cytological, 
histochemical and biophysical] technics, and 
particularly electron microscopy, new and 
complex structural details have been ob- 
served. Histological studies have demon- 
strated that all adult organisms are remark- 
ably heterogeneous as a result of a variabil- 
ity of the arrangement, size, and shape of 
the entire cell as well as the character, num- 
ber, shape, size, and staining properties of 
various intracellular constituents. Below cel- 
lular levels heterogeneity is continued to 
subcellular structures and even molecular 
patterns. Although our discussion will be 
limited principally to intracellular mecha- 
nisms, one should not consider a cell as an 
isolated and independent morphologic or 
physio-chemical functional unit of a complex 
static machine, tissue culture or chemical so- 
lution. Rather, it should be visualized in 
physiological or pathologic conditions, as in- 
separably and intimately interwoven within 
their over-all structural-metabolic-functional 
framework (Fig. 1) and their living environ- 
mental conditions (Fig. 2). 


Nucleus and Nucleolar System 


Cytological and histochemical technics 
have demonstrated that the nucleus is more 
or less centrally located, spherical in shape 
(Fig. 1, Nuc), variable in size and contains 
chromatin arranged in various manners in 
different types of cells according to whether 
the cell is in a resting phase or in that pre- 
ceding division or mitosis. 

Originally the nuclear substance was con- 
sidered to be composed of chromatin, chro- 
mophile material, nuclein or nucleic acids. 
It has now been established, as Dr. Mirsky 
has already indicated, that the nucleus is 
composed predominantly of desoxyribonu- 
cleic acid (DNA) and some small amounts 
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Schematic representation of a cell, neu- 
rone) as could be presently visualized on the basis 
of ordinary light-, phase- and electron microscope, 
ultra violet spectroscopic, histochemical, differential 
centrifugation and microincineration studies. N= 


Ftg. 1. 


nucleolus; Nuc.=nucleus! N.i.=nuclar-indentation; 
N.m.=nuclear membrane; Ax.c.=—axon cylinder; 
fib.—fibrils; Mic.=microsomes; h.c.m.=heterogene- 
ous cellular material; Mit.—mitochondria; Erg.p.= 
ergastoplasm; Ly.=—lysosomes; G.c.=—Golgi complex; 
h.e.c.s.—heterogeneous electrolytic-colloidal system; 
d.pr.—dendritic process. 
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Fig. 2. Schematic visualization of the relationship 
between a cell (as a structural-functional inter- 
grated system) and the internal as well as the ex- 
ternal environmnts. 





of ribonucleic acid (RNA) which is presum- 
ably of chromosomal origin. 

The material that fills in the spaces in be- 
tween chromatin granules or flakes, and be- 
tween them and the nucleolus, does not stain 
with the common standard stains. Years 
ago, it was presumed to be a colorless fluid 
and was termed “nuclear sap.” More recently 
it was considered to contain the “soluble 
phase” of the nucleus.*** 
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The electron microscope has given the best 
results in the study of the nucleolar system 
(Fig. 1, N.) which is considered" as a large 
filament formed of many granules, 100-200A 
in diameter, arranged one behind the other. 
This filament has been named nucleolonema 
and is surrounded by amorphous material. 
It is associated with chromosomes during 
mitosis and thus constitutes an element of 
the gene structures. The chemical nature of 
the nucleolonema has not been definitely de- 
termined although it appears not to contain 
DNA. Vincent'** further suggests two types 
of RNA: 1) the “labile fraction” which 
would be associated with amorphous mate- 
rial and 2) “the residual fraction’ which 
might be considered a part of the nucleo- 
Jonema. According to Borysko** the organ- 
ization of nucleolonema and amorphous ma- 
terial seems dependent on the cellular type 
and activity. In line with the normal cycle 
of the nucleolus, some investigators as- 
sume’** that the amorphous material is re- 
lated to the metabolic activities of the cell, 
whereas the nucleolonema is more important 
in longer term aspects of cellular function, 
such as the maintenance of nucleoli in future 
generations. Of interest is the reduction in 
size of the nucleolus in prolonged fasting or 
when the diet is protein free.’** Of impor- 
tance is the work of investigators*® who pre- 
sented evidence which is interpreted as dem- 
onstrating that the chemical composition of 
the nucleclus is under the control of a “nu- 
cleolar gene” localized in the heterochro- 
matic regions of the chromosomes. 

The nuclear membrane (Fig. 1 N.m) is a 
double membrane with “pores” or “indenta- 
tions” varying from 1,200 A in amcbe to 
5900 A in many other cellular varieties. It 
should be noted that the complete nuclear 
membrane is about 300 A thick. The pres- 
ence of “pores” (Fig. 1, N.i) suggests the 
passage of nuclear material into the cyto- 
plasm and some authors believe that the nu- 
cleolonema granules pass into the cytoplasm 
to form the granules which surround the 
ergastoplasm (Erg. p., Fig. 1) saccules or 
appear free in its amorphous portion. More 
recently, however, densitometric tracings‘ 
of annular areas of nuclear membranes of 
mesodermal cells of the chick embryo seem 
to indicate that they don’t represent simple 
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openings, but are apparently more complex 
than assumed. 


The Cell Body 


The cytoplasm is represented predomi- 
nantly by molecules or aggregates of mole- 
cules dispersed in a colloidal system of a 
lyophilic character. Within this medium in- 
terwoven anabolic and catabolic processes 
are taking place. The cytoplasm is not a 
homogeneous substance of uniform compo- 
sition but instead, contains structures and 
bodies which are considered to be of two 
main varieties:°* organelles, or aggregations 
of specialized cytoplasm of various shapes 
and sizes which are considered part of the 
living and functioning system of protoplasm, 
and inclusions, or aggregations or accumu- 
lations of non-living material which some- 
times appear in the cells during their devel- 
opment and in various functional states, 


(A) Centrosome is a small organized body 
of the cytoplasm which is seen beside the 
nucleus in the interphase cell. This tends to 
be disposed toward, or in the center of the 
cell but is prevented from attaining such a 
position, in most cells, because of the shape 
of the nuclei. It consists of a darkly stained 
dot (centriole) surrounded by a special pale 
protoplasm. At times there are two centri- 
oles which, together, constitute a diplosome. 
It is well established that the centriole of the 
centrosome plays an important role in mito- 
sis during which phase it divides. The divi- 
sions take up positions at each end of the 
nucleus and then appear to organize the for- 
mation of rays about them, including the 
spindle. 


(B) Mitochondria are recognized among 
the most characteristic constituents of the 
cytoplasm, The origin and morphology of 
mitochondria have not been definitely set- 
tled. In the past, mitochondria have been 
identified as pleomorphic cytoplasmic struc- 
tures showing certain distinctive staining 
properties but too small to provide charac- 
teristic cytologic features. Their pleomorph- 
ism, combined with difficulties in examining 
them in detail, have created controversy 
among some investigators and some doubts 
as to their status as specific cellular organ- 
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elles. However, these uncertainties have 
now been eliminated by electron microscopy. 
The mitochondria appear as the densest 
structures of the cytoplasm and consist of a 
body surrounded by a limiting double mem- 
brane, 70 to 80 A thick with a system of 
internal ridges protruding from the inner 
surface of the membrane and forming a rel- 
atively parallel series toward the interior 
(crestae mitochondralis, Fig. 1, Mit.). Al- 
though these structural characteristics have 
been observed in cells of various animals 
and plants, there is a certain amount of va- 
riation among various cell types. In iso- 
lated form (by differential centrifugation in 
0.25 m. sucrose) the majority appear as 
spherical bodies, varying in size from ap- 
proximately 0.6 to 1.3 micra in diameter. 


Golgi Apparatus (System, Complex ) 


It would be inappropriate to review here 
the vast amount of controversial literature 
on the Golgi apparatus. The reader is re- 
ferred to Bourne,”® Worley’ and Palay.'”’ 


From electron microscope investigations 
in particular, a general] outline for the ultra- 
structure of the Golgi apparatus has been 
delineated which allows its identification in 
a large variety of cells (Fig. 1; G.c.). Al- 
though its general morphologic features and 
distribution vary in different types of cells 
and under various physiological conditions, 
the basic cytoarchitectural organization ap- 
pears quite constant. In brief, the Golgi ap- 
paratus appears as a system composed of 
two main membraneous elements:'” 1) 
closely packed piles of flattened cisternae, 
sometimes several micra in extent, and 2) 
groupings of small, spherical, vesicles (ap- 
proximately 250 to 650 A in diameter), im- 
bedded in the cytoplasmic matrix. In some 
cells the cisternae branch and anastomose 
with their neighbors. In places where the 
fenestrations are close together, the profiles 
of the cisternae in section appear as a row 
of small circles. The packed cysternae are 
often arrayed in multiple curves enclosing 
regions of the cytoplasm that are filled with 
groups of the small vesicles. Groups or clus- 
ters of closely packed small vesicles may 
also be found outside the arrays of cisternae 
and even separated from the main mass of 
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the Golgi apparatus, They are differenti- 
ated from the membraneous elements of the 
ergastoplasm (endoplasmic reticulum’) by 
their peculiar arrangement and absence of 
ribonucleic protein granules. Because of 
this latter aspect Palade and Porter have 
designated them as “agranular endoplasmic 
reticulum’’'”* to differentiate them from the 
“granular endoplasmic reticulum”’ of the er- 
gastoplasm. On the other hand, it appears 
that the “granular endoplasmic reticulum”’ 
continues, here and there, with the “agranu- 
lar recticulum” of the Golgi system and that 
these intracellular membranes delimit a dif- 
fuse system of intracellular channels within 
the cell cytoplasm which connects the sur- 
face membrane of the cell, the ergastoplasm, 
the Golgi apparatus, and the nuclear mem- 
brane into a “dynamic continuity.’?*’ Some 
authors have demonstrated**? that the agran- 
ular reticulum” seen in the electron micro- 
scope is identical with the reticulate appa- 
ratus visualized by the classical histologic 
light microscope. 


Fibriles 

Certain of the molecules (Fig. 1 fib.) of 
the protein in the cytoplasm appear to be 
built up in a linear arrangement assuming 
the form of linear polymers.** In some cells 
they become grouped into thread-like fibrils 
that are large enough to be seen with the 
light microscope (for instance the neuro- 
fibrils of the nervous system). With the 
electron microscope they appear composed 
of finer structures, commonly called fila- 
ments or protofibrils, The molecular com- 
position of the linear polymers can be stud- 
ied by means of X-ray diffraction patterns. 


Cytoplasmic Inclusions or Sub- 
cellular Particles or Intracyto- 
plasmic Heterogeneous Material 


For many years, cytologists have been 
aware that living cells contain a number of 
pleomorphic and heterogeneous structural 
components, seen in the cytoplasm but not 
considered as part of the special living sys- 
tem of the protoplasm like the organelle, and 
have speculated about their possible physico- 
chemical character (enzymes, organic or in- 
organic catalysts, etc.) and intracellular 
metabolic functions (proteins, carbohy- 
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drates, lipids, electrolytic colloidal systems, 
etc.). As new techniques are developed, 
closer cooperation between biochemists and 
cytologists appears necessary in order to re- 
evaluate and reappraise new advances. In 
the case of differential centrifugation, for 
example, Claude*’ attempted to study the ap- 
pearance, composition and activity of ‘“sub- 
cellular components.” As a result of such 
studies the “microsome”’ fraction of the cel- 
lular particles was isolated. Subsequent in- 
vestigations have revealed that the micro- 
somes are derived largely through fragmen- 
tation of ergastoplasm, ribonuclearprotein 
granules'** and endoplasmic reticulum.'”* 

More recently, a second subcellular frac- 
tion was isolated, the “lysosome.” This new 
group of cytoplasmic particles was isolated 
by C. de Duve*’ (Fig. 1, Mic.). Thus far, lyso- 
some particles have been isolated from liver, 
kidney, brain, spleen, thyroid, and giant 
ameba. In summary, their main structural 
features, in 0.25 M sucrose, are characterized 
as follows: 1) Spherical shape, mean diam- 
eter 0.4 micron, average density 1.15; 2) 
lacking several key enzymes of oxidative me- 
tabolism, but containing a number of easily 
soluble hydrolases (hence the name of lyso- 
somes) and having in common an acid pH 
optimum; 3) surrounding membrane of 
lipo-protein nature which effectively prevents 
the enzymes from escaping from, as well as 
preventing their respective substrate from 
penetrating into the particles; 4) the si- 
multaneous release of all internal enzymes 
in soluble and fully active form, following 
some injuries to the membrane, as caused by 
various treatments.®*?*#7 

The existence of lysosomes as an individ- 
ual group, distinct from mitochondria and 
from microsomes, has been deduced entirely 
from differential centrifugation experiments. 
Morphologically some particles may be re- 
lated to: peribiliary bodies,’°*"!® microbod- 
ies,'*" siderosomes,''* residual bodies,'°! dense 
bodies of mesothelial cells,'°* osmiophilic 
corpuscles of the alveolar epithelium and 
Kupffer cells,’!® globoid cells of HeLa cells,*° 
the iron particles of erythroblasts and eryth- 
rocytes,’* etc. Therefore, the final morpho- 
logic identification of lysosomes must wait 
for a better technical purification and dif- 
ferentiation of the cytoplasmic particles. 


The Cell Membrane 


With the electron microscope it has been 
established that the cell membrane is 80 A 
thick and according to many authors dis- 
plays introflexions which may later become 
detached and form saccules free in the cyto- 
plasm. Cytoplasmic introflexions with suc- 
cessive saccules formation have been ob- 
served particularly in macrophages. The 
presence of cementing intracellular sub- 
stance is still under discussion. 


In concluding this chapter on structural 
aspects, it is interesting to mention that 
with the application of quantitative micro- 
scopic technics to single cells, it has been 
estimated that an average wet cell may have 
a mass of 10° gm. and a total average dry 
mass about 2-400 x 10°'* gm. of which one- 
fourth is contained within the nucleus.'* 


Functional Aspects 


In discussing the various aspects of the 
“cellular theory,” I mentioned the reciprocal 
relationship between structure and function. 
However, one must always be aware of the 
fact that the cells and their respective mole- 
cules are not mere elements in a static phys- 
ical-chemical solution, or life units in a hom- 
ogeneous and inert biological environment. 
Rather they must be envisioned ecologically 
as individuals in a population. 

At the level of composite organ, for ex- 
ample, the cells are subjected, not only to 
their own specific function but also to the dy- 
namic influences of mechanical, biochemical, 
bioelectric (etc.) character acting from one 
tissue or one organ upon another.'*® 

At a subcellular or molecular level one 
should consider that the molecular aggre- 
gates vary with their specific structure and 
that their “quantum” energy is not uniform 
but varies constantly in accordance with 
modifications of a particular metabolic proc- 
ess or environmental conditions (Fig. 2). 


Nuclear and Nucleolar System 

Alfrey and Mirsky* have shown, in bio- 
chemical studies of the isolated nucleus, that 
the intact nucleus contains DNA and that 
the presence of DNA mediates amino acid 
incorporation into protein adenosine tri 
phosphate (ATP) synthesis, and the uptake 
of purines and pyramidines into nuclear rib- 
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onucleic acid. It is also important to note 
that different somatic cell nuclei, in a given 
organism, had a constant amount of DNA 
per nucleus, The role of the DNA in these 
activities is not yet clear but from the DNA 
substitution experiments which have been 
carried out with isolated nuclei, these au- 
thors have concluded vhat the polyanionic 
nature of DNA plays a large part in its ac- 
tivities. The need for large negatively 
charged molecules as DNA substitutes, and 
the inhibitory action of polycationic com- 
pounds such as polylysine, suggests a corre- 
lation between the negative electrical charge 
and the biochemical activity of the nucleus. 
Of interest are Taylor’s and Wood’s™’ stud- 
ies of polynucleotide synthesis in the nucleus 
and chromosomes with thymidine (used as 
selective label for chromosomes) which was 
labeled with tritium. These investigations 
have pointed out that: 1) some cells appear 
to have little synthesis of RNA, except per- 
haps in the nucleolus (Fig. 3, N) during 
DNA synthesis; 2) Synthesis of RNA stops 
during late stages of division when the chro- 
mosomes are condensed and the nucleolus is 
disappearing; 3) After a cell begins incorpo- 
ration of an isotope there is a lag of 30 min- 
utes or more before the label appears in cyto- 
plasmic RNA; 4) Specific time curves are 
compatible with the hypothesis that RNA of 
the nucleolus and chromosomes could be 
transported to the cytoplasm. Thus the nu- 
cleolus is active in RNA metabolism at all 
stages, and incorporates labeled precursors 
of RNA much more rapidly than any other 
part of the cell. In reviewing the structure 
and chemistry of nucleoli, Vincent*** con- 
cludes that, if the nucleolus has any active 
function in the cell it will play a part in the 
shorter-term, non-genetic function of the nu- 
cleus and that it is involved in nuclear cyto- 
plasmic interchange.*** 

Mitochondria: The role of mitochondria in 
oxidative phosphorylation and ATP synthe- 
sis coupled with oxidative reaction is most- 
ly being investigated in isolated mitochon- 
dria.** Through cell fractionation in the iso- 
lation of intracellular substances, some in- 
vestigators have found that the mitochon- 
dria contain all of succinic dehydrogenase 
and probably all of the cytochrome oxidase 
activity of the cell.’*° The liver mitochondria 
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Fig. 3. Schematic drawing of: a) nucleus at rest; 
b) prophase chromosomes* and c) metaphase chro- 
mosomes each containing two chromatids. B and c 
were reproduced with the kind permission of Dr. 
Ham and J. B. Lippincott Company (58). 
































contain enzymes participating in fatty acid 
oxidations™' and of coenzyme A. For com- 
prehensive information concerning the known 
components of electron transport particle 
and mitochondrial lipid, the reader is re- 
ferred to Green’s review on mitochondrial 
structure and function.** The electron trans- 
port particle is a submitochondrial unit of 
variable size. Each particle may be an ag- 
gregate of many “repeating units.” Only a 
fully disaggregated electron transport par- 
ticle would correspond to the individual re- 
peating unit. The particle or molecular 
weight of the repeating unit would be from 
3.3 to 5x10 based on the assumption of 1 
molecule of DPNH dehydrogenase per re- 
peating unit. From the standpoint of chem- 
ical composition, the components of the elec- 
tron transfer chain of the phosphorylating 
and non-phosphorylating electron transfer 
particles are indistinguishable; the electron 
microscope, however, has disclosed that the 
non-phosphorylating particle has a vesicular 
structure, whereas the phosphorylating par- 
ticle has the double membrane structure of 
the envelope and the cristae mitochondialis.** 
It is also highly significant that the isolated 
mitochondria which are morphologically in- 
tact show only a very restricted number of 
enzymatic activities, do not oxidize citrate or 
isocitrate, do not reduce externally added cy- 
tochrome C or DPN and do not oxidize 
DPNH. Only when the mitochondria are 
damaged morphologically do these activities 
emerge. 
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Golgi Apparatus (System, Complex ) 


Recently, electron microscope scientists 
have revealed the close relationship between 
the secretory granules and the “Golgi com- 
plex.’’'’*-!"" However, its precise role still re- 
mains obscure. Although the isolated Golgi 
structure displays some phosphatase activity 
it is doubtful that it is capable of protein 
synthesis, particularly in view of the fact 
that recent histochemical studies indicate 
that protein synthesis is a function of the 
ergastoplasm, Therefore, some authors’” 
consider the following possibility: the whole 
cell, including the nucleus, mitochondria and 
the ergastoplasm, is involved directly in the 
synthesis of the ultimate secretory product, 
which is selectively collected in the vesicles 
of the Golgi complex to form definite secre- 
tory droplets. Consequently, Palay’” sug- 
gested the following hypothesis for the topo- 
graphic segregation of cytoplasmic func- 
tions: The endoplasmic reticulum which is 
in dynamic continuity with the plasmalema 
and the nuclear membrane’ serves as a 
transportation system for conveying raw 
material from the cytoplasmic environment 
to the enzymatic mechanism which resides 
in the ergastoplasm and the mitochondria. 
The products of this system are released into 
the cavities of the endoplasmic reticulum or 
into the matrix of the cytoplasm whence 
specific substances are secreted in the Golgi 
complex as secretory granules to be extruded 
from the cells as the ultimate secretory prod- 
uct. Similar ideas have been expressed by 
some investigators and particularly by Wor- 
ley’ who attempted to illustrate the pos- 
sible interrelationship of the various inclu- 
sions, particularly with reference to oogene- 
sis in animals. 


Microsomes and Lysosomes. Microsome 
fractions coupled with suitable tracer tech- 
nics have revealed their role in certain mech- 
anisms of protein metabolism‘** and protein 
synthesis in the cytoplasm.***+%.*°."> Jn ad- 
dition, Alfrey et al.? demonstrated that am- 
ino acid incorporation into microsomal pro- 
teins requires presence of ribonucleic acids. 


It is assumed** that the lysosome fraction 


| may be involved in digestion of foreign ma- 


terials incorporated by pinocytosis, anthro- 
cytosis or phagocytosis, physiological auto- 
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lysis as presumably occurs in all tissues and 
particularly as part of the processes of in- 
volution metamorphosis, holocrine secretion, 
pathological autolysis or necrosis, 


Genetic Aspects 
Structural-Biochemical Basis of Heredity 


With the establishment of the “cellular 
theory,” it was also assumed that life makes 
its appearance in the cells and passes from 
parent to offspring and hence from genera- 
tion to generation. Subsequently, it became 
apparent that the specific functions which 
preserved the individual and perpetuated the 
species consist of a series of orderly physio- 
logical and biochemical processes in whose 
fulfillment every cell with its organized com- 
ponents up to the molecular structure, plays 
an essential role. In 1854 Nageli®® for the 
first time established that one plant cell is 
always born from division of another while 
in 1858 Virchow'* confirmed that this phe- 
nomenon takes place in all types of plant and 
animal cells and epitomized this concept in 
his well known saying: “Ominis cellula ex 
cellula—every cell comes from a cell.’”’ Grad- 
ually it was determined that when a cell di- 
vides, either directly or by mitosis, the most 
outstanding phenomenon is the sequence of 
events developing in the nuclear substance. 
Subsequently, Koelliker (1875-1885) ,*° on the 
assumption that the “idioplasm” resided in 
the nucleus and that it remained only for the 
protoplasm to fulfill a nutritive function, 
suggested that the nucleus itself might be 
the carrier of hereditable properties. While 
Strasburger (1876) **° described the chromo- 
somes, Benden (1883)'® and Rabl (1885)! 
indicated their significance and Weisman 
(1883)?** proclaimed them as the bearers of 
characters transmissible through heredity. 
In 1909 Johanssen** assumed that chromo- 
somes are merely systems of genuine hered- 
itary elements and suggested the name of 
“genes.”** This rapid, fascinating progress 
in genetics blossomed with Morgan’s cele- 
brated work, The Theory of the Gene.** These 
preliminary fundamental stepping stones es- 
tablished the concept that heredity consists 
of an always orderly transmission of struc- 
tural, chemical and physiological ‘features 
of a distinct nature in the biological sense, 
from which the characters of the ind‘vidual 








o6 DISEASES OF THE NERVOUS SYSTEM 


and the sum total of the individual making 
up a species all have their origin.’’**@ 


Cytochemical Character and Function 
of Chromosomes and Genes 


With the application of improved cytolog- 
ical and cytochemical] technics it has been es- 
tablished that chromosomes are not homo- 
geneous structures. For instance, in the sal- 
ivary gland chromosomes’’ dark staining 
bands alternate with nonstaining interband 
regions, The property of stainability de- 
pends on the contents of nucleic acid and its 
concentration in the band could be demon- 
strated directly with ultra-violet absorbtion 
microscopy. Subsequently, the chromosomes 
have been conceived as a linear array of 
units, forming a hierarchy all the way from 
heterochromatic and euchromatic regions, 
some tens of thousands of millimicra long to 
polypeptide links only a few tenths of a mil- 
limicron long. Alternatively, it has been as- 
sumed that the gene is compound, consisting 
of a number of identical sub-units. Probably 
the maximum estimate which is chemically 
reasonable is about 10 millimicra, which is 
in the order of magnitude of the thickness 
of the repeat units out of which protein crys- 
tals are built.*’ It is believed also that the 
genes are macromolecules or conglomerates 
thereof; similarly it is presumed that the 
immediate products that are formed under 
the influence of genes are also macromole- 
cules. It is further presumed that all pri- 
mary gene products are enzymes and there- 
fore protein, which may be similar in com- 
position to the genes themselves. 

Little is known of the mechanisms of gene 
reproduction or of the mechanisms by which 
genes function. In reference to the former, 
it is considered that: 1) the genes are sim- 
ilar to their primary product (nucleopro- 
teins); 2) the copying is going on all the 
time** and 3) most of the copies are diffused 
into the cytoplasm but one in each cell cycle 
is anchored to a chromosome.” 

As to the mechanism by which genes func- 
tion directly, the available information per- 
tains mostly to the biological synthesis of 
enzymes. While it is postulated that some 
enzymes are the immediate by-products of 
gene action, it is quite certain that some oth- 
ers are not. Northrop et al.’°° have shown 
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that a number of enzymes that catalyze the 
hydrolysis of protein exist in the tissues in 
the form of catalytically inactive proteins. 
These substances (zymogens) can be con- 
verted to enzymes by appropriate adminis- 
tration of enzymes. Thus, it appears that 
these substances are enzyme precursors and 
they may represent intermediates in the bio- 
logical synthesis of the enzymes to which 
they are converted. These findings appear 
of great significance in the study of the gene- 
enzyme relationship, particularly in relation 
to possible pathogenic mechanisms, For in- 
stance, it might be that an enzyme is not 
produced because a primary gene product is 
not produced or because a) substances or 
mechanisms controlling the orientation of 
thezymes in the cell are not produced or 
b) the substrate is not formed rapidly 
enough in relation to the functional require- 
ments or c) an inhibitor is produced.'* 

To avoid repetition of Dr. Bearn’s discus- 
sion, I will limit my review to only some ba- 
sic aspects which may be helpful in the un- 
derstanding of some pathogenic mechanisms, 
In earlier studies, the chromosomes occu- 
pied a principal position in the study of ge- 
netics. However, as attention gradually 
turned more and more to the gene function, 
it was recognized that in an analysis of the 
gene action, the entire cell, as well as the 
whole organism must be taken into consid- 
eration. In addition, as new facts were es- 
tablished for the inheritance through the 
nucleus (chromosomal inheritance), it be- 
came possible to recognize the inheritance 
through extra-chromosomal parts of the cell 
(cytoplasmic inheritance.'*:*! In relation to 
the latter in particular, two principal alter- 
natives with respect to the mechanisms of 
cytoplasmic inheritance are considered: a) 
any of the multiple intracytoplasmic compo- 
nents (mitochondria, microsomes, plastades, 
etc.) may have the continuity and stability 
to act as a determiner of heredity, and b) 
any intracellular metabolic state. This proc- 
ess involves the segregation, at the cell level, 
of metabolic blocks (units) having sufficient 
influence within the inherited capacity of 
a given genome to cause the stabilization of 
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a particular pattern of metabolism. These | 
metabolic blocks have size limits extending | 
from those of the smallest molecules (en- 
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zymes, etc.) to the size of the whole cell. 
These considerations lead to a realization 
of the influence of the total cell on the geno- 
type and its role in producing the phenotype. 
For more detailed information the reader 
may consult Haldane.*’ It appears, there- 
fore, that a living organism consists of a co- 
ordinated system subjected to both genetic 
and environmental factors (adaptive extra- 
genetic cytoplasmic system). The genetic 
system controls the elaboration and contin- 
uity of the adaptive system which in turn 
insures the survival and reproduction of the 
genetic system. This concept is very help- 
ful in the understanding of pathological find- 
ings of some inborn degenerative processes 
affecting the cells and the related organs. 


Sex Chromatin Determination 


With the development of the sex deter- 
mined chromosome concept it was postulated 
that sex is hereditarily determined at con- 
ception. This implies that each ovum con- 
tains among its chromosomes a specific one 
designated X-chromosome, whereas each 
spermatozoon contains an X-chromosome 
and a smaller Y-chromosome. Zygotes with 
XX chromosomes develop into female and 
those with XY chromosomes produce males. 
Therefore, it appears possible to detect the 
sex by microscopic examination of the nu- 
cleus of any somatic cell. However, there 
were almost unsurmountable difficulties he- 
cause organized and microscopically visible 
X and Y chromosomes are present only dur- 
ing cell division, whereas at other times the 
chromosomal matter appears as a disorgan- 
ized chromatin material. Fortunately, in 
1949 Barr and Bertram* accidentally ob- 
served characteristic “chromatin satellite 
bodies” in the nerve cells of mature female 
cats and the poorly developed nucleolar sat- 
ellite in mature neurones of male cats.’ Since 
that time, it has been established by many 
investigators that the sex chromatin body 
described by Barr and Bertram represents 
the material of XX chromatin complex (Fig. 
4,s.ch.). Under high magnification, the chro- 
matin body appears to consist of a pair of 
smaller bodies in close opposition. Somatic 
cell containing sex chromatin are designated 
chromatin positive and are considered genet- 
ically female. Cells with invisible sex chro- 
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matin bodies are chromatin negative and are 
considered genetically male. Male sex chro- 
matin in somatic cells is presumably unde- 
tectable, rather than absent.'’** Polymorpho- 
nuclear leucocytes from peripheral blood 
would appear to be a practical source of cell 
for chromatin testing, but there are certain 
reservations attached to their use. Accord- 
ing to some authors‘ nuclear sexing of oral 
mucosa cells is preferable as a routine 
method. Successful prenatal prediction of 
sex has been made by examination of amni- 
otic fluid with cells obtained by transabdom- 
inal needle puncture.'** Amniotic tissue, cho- 
rionic tissue and uterine decidua have been 
used for the same purpose.**** 

True hermaphrodites with gonadal ele- 
ments of both sexes, may he either chroma- 
tin positive or negative, but not both.’** For 
instance patients with gonadal agenesis 
(Turner’s syndrome, ovarian agenesis) hav- 
ing feminine external appearance were orig- 
inally considered to be genetically female. 
The study of sex chromatin indicates, how- 
ever, that only a small percentage of these 
patients are chromatin positive. Similarly 
in Klinefelter’s syndrome in which the ex- 
ternal appearance is weakly masculine but 
the testes are actually medullary compo- 
nents of ovarian tissue, only a small pro- 
portion are chromatin negative.” 

Female pseudo-hermaphroditism (usually 
the result of congenital adrenal hyperplasia ) 
is almost invariable chromatin positive."** In 
the male, pseudo-hermaphroditism of vague 
etiology may evolve from maternal influence 
on the testicular medulla,’* the genetic sex 
is confirmed by chromatin negative status.” 
Although presence or absence of chromatin 
appears to be a most reliable guide to sex 
determination of the individual at the time 
of conception it does not necessarily indi- 
cate the most reasonable solution when a 
choice might be made in aduit patients with 
ambiguous sex apparatus. 

Of particular interest is Chu’s recent re- 
port on “human chromosome complement of 
somatic cells.””*? In accordance with several 
investigators who used the chromosomes 
spreading technic, he confirmed that the cor- 
rect diploid chromosome number in man is 
46. Ford‘ stated that the recent discovery 
of XO (female) and XXY (male) types of 
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a ea ‘J shown by Ford.** Conversely, sex chromatin 

95 is detected in many phenotypical males with 

a Klinefelter’s syndrome because of an inter- 

{ sexual XXY-sex chromosome complex (or an 

3 XX/XXY mosaic) as shown by Jacobs and 
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Fig. 4. Schematic illustration of some intracellu- 


lar structural, physico-chemical, and functional in- 
terrelationship as visualized with the ordinary light-, 
phase- and electron microscopes; spectroscopic, his- 
tochemical, autoradiography, differential centrifuga- 
tion and microincineration studies. The upper part 
of the figure illustrates the nuclear and nucleolar 
system which represent the reproductive mecha- 
nisms; the lower part of this figure illustrates the 
cytoplasm with its metabolicfunctional mechanisms. 
Central dark formation (N) nucleolus; c.g.=loca- 
tion of genes in chromosomes; ch. m, ch, t.; ch. ta= 
differentiation of the chromosomal components; D. 
pr.—dendrite process; DNA=desoxyribonucleic acid; 
e.c.s.—electrolytic-colloidal system; erg. p.—ergasto- 
plasm; G. glo.=Golgi globules; G. gr.=Golgi gran- 
ules; h.c.m.=heterogeneous cytoplasmic material; 
1=lipids; 1. pr.=prelipids; Ly=lysosomes; M=mito- 
chondria; Mic.=microsomes; nuc.=nucleus; nuc. 
m.=nuclear membrane; n. fib.—neural filaments; 
N.i.=indentations in the nuclear membrane; N.s.= 
Niss] substance (arrows indicate possible metabolic 
patterns related to Nissl substance formation); Pr. 
pr.=protein precursors; RNA=ribonucleic acid; s. 
ch.=sexual chromosome. 





chromosomes among patients with abnor- 
malities of sex development shows that the 
classical Drosophila model of sex determina- 
tion is not applicable to man. Instead of be- 
ing developmentally inert as in Drosophila, 
the Y chromosome in man is strongly male 
determining. Concurrently, Barr,’ discuss- 
ing the sexual dimorphism of interphase nu- 
clei, emphasized that it follows the pattern 
described for man in many, but not all rep- 
resentatives of the mammalian class, How- 
ever, the heterochromatic properties of sex 
chromosomes assume other forms in somatic 
cells of some fowl and insects, so there is 
considerable diversity throughout the ani- 
mal kingdom in the way sex chromosomes 
contribute to chiomocenters of interphase 
nuclei. He also reconfirmed that sex chro- 
matin is lacking in most phenotypical fe- 
males with Turner’s syndrome, in which 
there is an XO-sex chromosome complex as 


Ford.'* All these observations emphasize the 
significance of the genetic properties of the 
Y-chromosome in man, For more detailed 
information concerning application of sex 
designation in clinical diagnosis and therapy 
the reader is referred to bibliographical ref- 
erences: 10, 28, 48, 77, 92, 113. 


Pathological Aspects 

The genetic problems encountered in the 
pathological survey are many and varied and 
the gaps in our knowledge extensive. Mean- 
while a large number of experimental find- 
ings are still in the process of investigation. 
Consequently, the present review must be 
considered a general survey of contemporary 
cytopathological research in various stages 
of development. An attempt will be made to 
give only some demonstrative examples as 
to how cells with their intracellulary mech- 
anisms can be affected by various functional 
disorders, metabolic alterations, and adverse 
environmental conditions. 


Histometabolic Dysergia 

Within physiological conditions the com- 
plex structural and_ bio-physical-chemical 
components of the cell maintain a dynamic 
synergistic equilibrium which is determined 
and regulated by the intrinsic hereditary 
mechanism of the individual cells. Since the 
intercellular materials are subject to local 
as well as general systemic influences and in 
turn control the cells both as substrate and 
py influencing exchange, they play an im- 
portant role in the intracellular mechanisms 
(Fig. 4). Of particular interest are also reg- 
ulatory mechanisms (nucleo-proteins, hor- 
mones, electrolytes, vitamins, etc.) , which do 
not act by forming enzyme components but 
by controlling the rate of enzyme reactions 
or by changing the orientation of these reac- 
tions.’”° 

It should be kept in mind that “living cells 
are unique among the engines known to man, 
for living engines are constructed of the 
same kind of materials that are used for 
fuel. If the fires of life burned too brightly 
not only the fuel, but the engines, them- 
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selves, will be consumed.”*' For instance, in 
the chromatolytic processes involving the 
nerve cells that follow retrograde degenera- 
tion, vitamin B, and B complex deficiencies, 
etc., Niss] substance, acid phosphatases,**:** 
and respiratory quotient” are undergoing re- 
Reversible alterations in 
growth and chromatolytic changes have been 
also noticed in some essential amino acid de- 
ficiencies.*° However, if such phenomena are 
repeated or perpetuated beyond the physio- 
logical endurance, irreversible alterations 
with disorganization and dissolution of the 
integrated synergistic anatomo-physiological 
equilibrium take place’ as a result of patho- 
logic disorders and the development of in- 
tracellular degenerative processes (Table I). 
Furthermore, in the living cells, enzymes 
may be present which are so located as to 
be inactive in the intact cell.'*? Physiological 
alterations, disorganization, or disruption of 
the normal cellular architecture may bring 
these enzymes into action.’’*! For example, 
marked and rapid inhibition of the respira- 
tion of lung tissue has been observed after 
it has been ground.'' This inhibition is due 
to destruction of pyridine nucleotides by nu- 
cleosidase present in lung tissue in high con- 
centration but kept inactive in intact cells. 


teria to radiation. 


Gene Mutations 


From experimental evidence as well as hu- 
man observation, it has been assumed that 
changes in a cell or organism may come 
about through gene mutation or as a result 
of variations in environment. 
these factors is strictly independent of the 
other, since both influence patterns of metab- 
olism and each limits the degree to which 
the other may alter a given pattern. 
ing recent years, some investigators success- 
fully tested with Acetobacter, Escherichia 
Coli,'*:1**:'°° and Neurospora, the basic prem- 
ise that the biochemical processes concerned 
with the synthesis of essential cell constitu- 
ents are gene controlied and alterable as a 
consequence of gene mutation. 
was carried in bacteria in which varied nat- 
urally occurrent growth factor requirements 
were known, to see whether analogous nu- 
tritional deficiency followed exposure of bac- 
It is not the purpose to 
review this remarkable work for which Ta- 
tum, Beadle and Lederberg received the No- 
bel price in 1959.1*+:5?"°%59 The outstanding 
implications of these studies are that each 
and every biochemical reaction in a cell of 
any organism, from bacterium to man, is 
theoretically alterable by gene mutation. A 
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second consequence of the postulated re- 
lationship stems from the concept that the 
genetic constitution defines the potentialities 
of the cell whereas the time and degree of 
expression of these potentialities are some- 
what modifiable by the cellular environment. 

Mutagenic effects have been observed also 
in a variety of cells following x-ray***' and 
ultra violet radiation,® hallogenated alky- 
lamines, and mustard gas.*' These agents 
inhibit mitosis. Hevesy*®* found synthesis of 
nucleoproteins which take part in mitosis, 
is inhibited by x-ray radiation. 


It is of interest to note that carcinogenic 
substances containing a phenanthrene nu- 
cleus, when applied to tissues, caused pro- 
found alteration of cells which lead to self- 
reproducing alterations coincident with the 
assumption of neoplastic characteristics.'’ 
Stowell and Cooper'’* have shown that these 
changes are associated with alteration of nu- 
cleic acid content and Biesele*’ has demon- 
strated irregular alteration of chromosomes 
structure. The increased rate of tumor pro- 
duction by hybridization in genetically suit- 
able material,’'* provides another example 
of gene mutation caused by procedures also 
effective in causing neoplastic disease. Whit- 
aker'*® ascribed this result to the introduc- 
tion of chromosomes of the latter into the 
cytoplasm of the former. 


A variety of inherited anomalies in experi- 
mental animals':’’:** and humans** have been 
described and considered of a mutagenic 
character. Of particular interest are the 
neural malformations arising on a genetic 
basis. Glueckshon - Waelsch has demon- 
strated*’ that mice of different strains show 
distinct differences to experimental malde- 
velopment, thus indicating a genetic basis 
for their susceptibility or resistance to the 
effect of pathogenic agent. On the other 
hand, the experimental studies of Hicks** 
and Rugh’*’ on malformations in animals 
show that genetic factors do not always play 
an exclusive role in the developmental ano- 
malies of the central nervous system. There- 
fore, it is necessary to take into considera- 
tion the interdependence of genetic and non- 
genetic factors in the interpretation and 
evaluation of some experimental develop- 
mental anomalies.*° 
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Metabolic Diseases 


A) Gene-Enzyme-Chemical Reaction Pat- 
terns. The series of biochemical and bio- 
physical events in the “‘supply-line” of nu- 
trients to the cell is based on a long history 
of evolution, natural selection and adapta- 
tion of molecular systems, These complex 
conditions provide multiple possibilities for 
alteration or disfunction from normal meta- 
bolic processes.**:'*! But, in many of the dis- 
orders that one may envision, the number of 
possibilities is multiplied enormously when 
one realizes that each cell is a highly indi- 
vidual unit with a specific function not ex- 
actly reproduceable by the neighboring tis- 
sue or organs. In 1908 A. E. Garrod pre- 
sented his concept of inborn errors of me- 
tabolism based on four human cases:* Al- 
binism, Alkaptonuria, Cystinuria and Pento- 
suria. ‘They apparently result from some 
step or other in the series of chemical 
changes which we call metabolism.” He be- 
lieved that the “metabolic defect” was due 
to the absence or inactivity of an enzyme 
which in turn was dependent on the absence 
of the normal form of a specific gene. Since 
that time many books, monographs and 
symposia dealing with hereditary metabolic 
or degenerative diseases have been pub- 
lished .47-57.110,132,140,142,146 

Theoretically, it is possible to conceive a 
number of ways in which the absence or par- 
tial lack or inhibition of an enzyme could 
lead to another metabolism which would 
eventually result in pathological processes. 
Recently Snyder’’’ has suggested some pos- 


sibility by which mutations resulting in en- ~ 
zyme dysfunction may lead to genetic dis- © 


eases through involvement of “metabolic 


blocks,” “alternative pathways” and “inhib- : 


itors.”’ 
In the first instance in the subsequential 
reactions: 


each arrow represents an enzyme catalyzing © 


the conversion of one substance to another. 
The specificity of each enzyme is considered 
to be the result of the activity of a single 
gene, 


Consider now the gene that controls | 


the enzyme that converts R to S. Asa con- | 
sequence of a mutation, the mutant form of 7 


this gene may no longer enzymatically be 
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| effective in facilitating the reaction. 
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One 
consequence of this inadequacy of the meta- 


police block is that R will accumulate: 


R 
P—> 0—> ae (S)—» (T) 


The letters in parenthesis indicate S or T 
substance is no longer produced, or only in 
decreased amounts. A probable example in 
human pathology is infantile amourotic 
family idiocy, where a failure to degrade or 
metabolize one of the gangliosides leads to 
the accumulation of the lipid in the neurons 
of the central nervous system. Another pos- 
sibility is that the accumulation of substance 
R may lead to its excretion from the body, 
as for instance in the case of xanthinuria in 
which xanthine is not oxidized to uric acid.*’ 
Possibly the excretion could lead to patho- 
logical consequences by depletion of R or 
other substances involved in the metabolism. 
In the last analysis diabetes may prove to 
belong to this general group: 


Pa Q—el Ri > (S)— > (T) 


R excreted 


If the reaction P. > Q > R is rever- 
sible, substance P rather than substance R 
may accumulate leading to disease: 





P 
Pees Que Rj» (S)—> (T) 
P 


This phenomenon may take place in a glyco- 
gen disease of the liver in which the genetic 
dysfunction of glucose-6-phosphatase pre- 
vents the reconversion of glycogen to glu- 
cose; but at a point several steps removed 
from glycogen itself, the reverse nature of 
the rest of the reaction results in the accu- 


| mulation of glycogen.**° In some instances 
' the mere absence of substance T may char- 


| acterize the disease. 


Albinism, for instance, 
is the result of the absence of melanin due 
to the genetic dysfunction of tyrosinase. 


| When this enzyme is lacking, tyrosine is not 


oxidized to dihydroxyphenylalanine, which 
subsequently proceeds through various con- 
versions to melanin. 

In the case of “alternative pathways,” it 
may be, that the bulk of substance P pro- 
ceeds through Q, R and S to T. A small 
amount of it normally passes through the 
following steps: 
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The small letters are used to indicate that 
the lesser amount of substance ordinarily 
follows this pathway. If the metabolic al- 
teration occurs as before between R and S 
and if substance T is accumulated, then more 
of it may be forced through this alternate 
pathway, and increased amounts of V, W or 
X may cause pathological patterns: 


P= QE R—> (S)—> (7) 
Nici Mcaie aia 


An example of this disorder is represented 
by phenylketonuria in which phenylalanin 
can not be oxidized to tyrosine and as a re- 
sult passes a large amount through deami- 
nating reactions which alter the amino-acid 
balance in the cells.*® 

Mutant genes may result not merely in the 
lack of the enzymes formerly produced, but 
also in the presence of a somewhat different 
enzyme, as in the case where antigen mu- 
tates. If, for example, the enzyme which 
formerly converted R to S is changed 
through mutation in such a way that it now 
converts R to A (a new substance) the pres- 
ence of A may give rise to pathological con- 
sequences: 


P—> O—> R+> (S)—» (T) 
A mutent enzyme 
or more. “he 10 or more variant forms of 
hemoglobin” each of which may result in a 
greater or lesser degree of anemia, are in- 
stances of this type of genetic disease. 


It is known that enzymes may be inter- 
fered with by “inhibitors.” It seems likely 
that the inhibitor may be a substance pro- 
duced by a mutant gene which is not itself 
concerned directly with the development of 
the enzyme inhibited. Many complications 
may be envisaged in regard to inhibition of 
enzymes. In the reaction 


P—> C—» [P— >] (S)—» (T) 


the action of the inhibitor is indicated by a 
box around the enzyme. A probable exam- 
ple of this condition is the inhibition of the 
enzyme enolase in glycolysis, resulting in the 
hereditary disease Spherocytosis. 

Excesses of certain metabolites may act 
as inhibitors. For instance in the reaction: 


R 
P—> Ce R— > (S)—» (T) 


R 
2 CRs] (Cc) 
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The accumulation of substance R as a result 
of the genetic dysfunction of the enzyme 
converting R to S may cause inhibition of a 
correlated group of enzymes converting B 
to C. An example of this condition is illus- 
trated by the reduced pigmentation which 
occurs in Phenylketonuria, The excess of 
phenylalanine which is found in these pa- 
tients, has been shown to act as an inhibitor 
of tyrosinase diminishing the conversion of 
tyrosine into melanin.* 

In addition to behaving as obvious en- 
zymes, substances controlled by genes may, 
in some instances, act as antigenes or inhib- 
itors or hormones. 

B) Environmental Effects: It is known 
that many enzymes have a co-enzyme or 
prosthetic group as a necessary adjunct to 
the protein core, Although the protein core 
is determined by a gene, the co-enzyme is 
frequently vitamin in origin and thus is en- 
vironmentally conditioned. As a result of 
such exogenous effects “phenocopies” may 
be produced which mimic the genetic condi- 
tion. For example: nutritional siderosis ap- 
pears to be a phenocopy of genetic hemo- 
chromatosis. Incidentally, it should be indi- 
cated here that the metabolism of inorganic 
elements is also involved in human and some 
experimental diseases which may be related 
to a genetic dysfunction. For instance, dis- 
orders of iron metabolism in hemochromato- 
sis and in methemoglobinuria,*®*** of copper 
metabolism in hepatolenticular degenera- 
tion,** of potassium metabolism in family pe- 
riodic paralysis,’**° and of calcium in Fahr’s 
syndrome.’*® 

Although genes are normally identical in 
various cells of the individual, the cytoplas- 
mic constituents of the cell need not be 
equivalent. The unequal distribution during 
mitosis, of mitochondria, microsomes, Golgi 
system, and other subcellular constituents 
can result in the occurrence of identical 
genes in cytoplasmic microenvironments 
which differ in concentrations of enzymes, 
subtrates, etc., from tissue to tissue. In this 
way a given gene may produce an effect in 
one tissue and not in another. 

C) Growth and Age Factors: Physiologi- 
cal and biochemical equilibrium in reversible 
reactions requires time to be adjusted. The 
achievement of equilibrium may free a sub- 
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strate from a new conversion by a different 
enzyme. The accumulation of byproducts 
may slowly reach a critical level at which 
these byproducts or intermediary metabo- 
lites may act as a new substrate or inhibi-« 
tor. Moreover, a biological protein is a mixed 
population of molecules of very different 
ages with which are related dithio bonds and 
substitution of amino acids, so that the de- 
scendant of a gene may be located in envi- 
ronments in the adult or old individuals 
which are biochemically different from those 
in the embryo or young organism. There- 
fore, one gene may exert its influence at a 
certain stage of development of an individual 
while another may not be affected until an- 
other stage or age. Congenital ichtyosis, 
occurring in the embryo, and Huntington’s 
Chorea, occurring in the adult, are demon- 
strative examples of this phenomena, These 
facts tend to suggest that genes do not ex 
ercise absolute control over the presence or 
absence of specific enzymes but rather deter- 
mine the potential development of particular 
enzyme systems in particular environmental 
conditions.’*** As the interrelated genetic 
mechanisms and environmental effects ap- 
pear to be intimately operating in the funda- 
mental physical-chemical, physiological and 
pathological processes at the cellular level 
as well as the subcellular or even molecular 
levels, it has hecome necessary to search for 
genetic heterogeneity, particularly in meta- 
bolic or degenerative diseases by new meth- 
ods as those indicated earlier. 

D) Morphogenetic Operations: Some au- 
thors have tried to explain a number of in- 
nate structural differences as being due to 
abnormal secretion of a hormone (excess or 
defect). On the other hand, genes are known 
to alter the threshold of response to tissues 
to hormones, For instance, Snyder’’® has 
insisted that structural anomalies such as 
polydactyly, achondroplastic dwarfism, mul- 
tiple exostoses, lobster claw, etc., may be in- 
terpreted on the basis of enzyme dysfunction 
as metabolic diseases. This evidence is of- 
fered by hereditary spherocytosis.**’ In this 
disease the red cells develop as spherocytes 
lacking the expandable biconcave surfaces of 
the normal red cells. As a result of this, the 


erythrocytes are osmotically and mechani- | 
cally fragile and rupture easily, The basic | 
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pathogenesis in this condition is a defect in 
glycolysis of the red cells caused by the in- 
volvement (inhibition) of enolase, which in 
normal glycolysis converts 2-phosphoglyceric 
acid to 2-phosphoenolpyruvic acid which pro- 
vides energy in the form of ATP, essential 
for the maintenance of the integrity of the 
frame work and the membrane of the cell. 
In some cases, it appears that genetic differ- 
ences are organ specific or tissue specific as, 
for instance in cases of allergic mechanisms. 

Before concluding this brief summary I 
would also like to point out that, according 
to Penrose,'’® hereditary dispositions due to 
metabolic errors are mainly of two kinds. 
The first type is almost always genetically 
homozygous and the affected subject lacks 
an enzyme because the abnormal gene pre- 
sent in duplicate fails to make it. The af- 
fected people constantly show signs of ab- 
normality throughout life or at least, from 
an early age. The cerebral lipoidoses (am- 
aurotic family idiocy, infantile and juvenile 
types; Nieman-Pick’s gargoylism) represent 
particular examples of this type of disease 
process as they are caused by rare recessive 
autosomal genes and according to Sobotka’™? 
the essential features of all these lipoidoses 
is absence of specific esterases, which nor- 
mally convert one high lipid into another. 
However, Thannhauser'’ suggests that co- 
enzymes activating enzymes which break 
down lipids are faulty. 


In the second type, the carrier with one 
abnormal gene is still able to manufacture 
the necessary enzyme. Sometimes the in- 
born error only gives rise to symptoms under 
special conditions or stress. In this condi- 


| tion the irregularity in functional or bio- 


chemical aspects is found but not constantly. 
For instance: abnormal blood sugar levels‘ 
which have sometimes been attributed to an- 
ti-insulin substances,*® abnormal proportions 
of androgen and estrogen in the urine, or 
peculiarity in serum concentration of cho- 
line esterase.°* Some of these abnormalities, 


| though not necessarily harmful in the cells, 


at times may give rise to disturbances. 
Conclusion 


On the basis of the aforementioned stud- 
ies it appears that the cells are and probably 
will continue to be one of the fundamental 


ROIZIN—GENERAL CYTOGENETIC MECHANISMS 


43 


problems of biology and medicine. While it 
is well established that form, structure, and 
function are basic components of the cyto- 
genetic mechanisms, the living cell possesses 
however, are not the mere result of a 
simple addition of separate morphologic 
elements and physical-chemical properties or 
reactions. Since behavioristically these mat- 
ters cannot only be expressed in physical and 
chemical terms, the biological nature with 
its vitalistic rather than mechanistic system 
should be considered as the original and 
fundamental characterization. Hence, in nor- 
mal conditions the cell appears to be con- 
ceived as a complex organized unit which 
expresses itself through vital integrated and 
evolutional morphogeny, metabolism and 
function (Fig. 4). 


As new and finer technics are capable of 
penetrating and analyzing not only cellular 
or subcellular structures but also the molec- 
ular organization, it is becoming possible to 
study diversified changes and disease pat- 
terns at a cellular, subcellular and even mo- 
lecular level. Therefore, it is conceivable to 
speak now in terms of dynamic and analytic 
subcellular or molecular pathology. How- 
ever, at whatever level or of whatever char- 
acter they may be, the genes appear as the 
principal organizing, regulating and guiding 
biological factors in health and disease. 
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Clinical Aspects of Disarranged Chromosomal Structure 


A. G. BEARN, M.D. 


A few years ago, the subject of this paper 
could have been dismissed in one sentence 
which might have read something like this, 
“The possibility that a disarranged chromo- 
somal structure may be responsible for clin- 
ical disease is an interesting but highly spec- 
ulative hypothesis for which there is no sup- 
portive evidence.’’ During the last year this 
“speculative hypothesis” has become an in- 
controvertible fact. At the time of writing, 
there are at least five instances in man in 
which abnormalities of the chromosomes are 
associated with disease. 


For an understanding of chromosomal ab- 
normalities, it is necessary to recall several 
facts concerning mitosis and meiosis. Dur- 
ing mitotic cell division, the chromosomes di- 
vide longitudinally into two chromatids 
which arrange themselves in a single plane 
across the centre of the spindle. The two 
chromatids then separate and move towards 
opposite poles of the spindle and the cell di- 
vides. The two daughter cells will now have 
the same quantitative and qualitative chrom- 
osomal constitution as the original parent 
cell. During meiosis, the chromosomes di- 
vide once and the cells twice, consequently, 
the number of chromosomes in each gamete 
is exactly half that found in the somatic 
cells. Normally, this mechanism is extremely 
precise, but very rarely it may become dis- 
organized and unequal segregation may oc- 
cur (Fig. 1). 

How many chromosomes are present in 
man? This simple question a few years ago 
could have been easily answered—48._ In- 
deed, from Painters classic work in 1921'” 
until 1956, the number 48 was one of the few 
quantitative biological observations in man 
which was beyond dispute. In 1956, largely 
as a result of two technical advances to be 
discussed later, Tjio and Levan were able to 
report that embryonic lung grown in tissue 
culture did not display 48 chromosomes but 
46.° These observations were rapidly con- 
firmed by Ford and Hamerton using testicu- 
lar tissue* and during the last three years, 46 
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Fig. 1. A diagrammatic representation of the con- 
sequences of non-disjunction during oogenesis and 
spermatogenesis. 
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chromosomes has become firmly and unequi- 
vocally established as the diploid chromo- 
some complement of man.®*** The two tech- 
nical advances were small but essential. The 
first was the treatment of cell cultures with 
hypotonic saline which resulted in a swelling 
of the cells and a dispersion of the chromo- 
somes. The second technical advance was 
the introduction of colchicine which prevents 
the formation of the spindle. Thus, the 
chromosomes are accumulated in metaphase. 
The cell suspension is squashed between 
cover slip and slide and the chromosomes 
counted. 

The use of short term bone marrow cul- 
tures, was adapted by Ford, to perform ac- 
curate chromosome counts on samples of 
sternal bone marrow. Puck and his co-work- 
ers have utilized somatic tissue culture tech- 
niques to great advantage, and chromosome 
counts on extremely small samples of skin 
removed with a biopsy needle from several 
sites are possible.® 


Mongolism 


The clinical features of mongolism are 
well known, the cause until recently was 
quite obscure. Early concepts included the 
serious suggestion that these patients were 
derived from Mongolian ancestors and even 
that they represented an atavism towards 
the orang-utang.* Such absurd suggestions 
indicate the depth of ignorance which 
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cloaked our understanding of the condition. 
The main features of the disease are stunt- 
ing of growth and mental deficiency associ- 
ated with a characteristic facies. The hands 
and feet are clumsy and spade-like, the little 
fingers are small and curve inward. A single 
crease on the little finger, a transverse fold 
in the palm and a fissured tongue all make 
up a characteristic picture. It should be em- 
phasized that many minor degrees of mon- 
golism exist and the clinical diagnosis may 
be extremely diffcult. 

In retrospect, the chief clue to the etiology 
of mongolism lay in the observation that 
mongols are usually born to elderly mothers. 
The mean age of the mother at the birth of 
the mongol is 37 years compared with a mean 
of 29 years for all births. In mothers over the 
age of 45 the chance of a mongol birth is 
nearly 3 per cent whereas below the age of 
30, it is no more than .001 per cent.® A study 
of partial correlations has shown that other 
variables such as birth order and paternal 
age are not significantly different in mongols. 
Over ten years ago, Penrose*® suggested that 
an unbalanced chromosome complement 
might account for mongolism; indeed, seven 
years ago Mittwoch,® working with Penrose, 
examined the chromosomes of a mongol and 
reported 48 chromosomes. Unfortunately, 
the improvements in technique already re- 
ferred to had not yet occurred and the prep- 
arations were inevitably somewhat unsatis- 
factory. The effect of increased maternal 
age or the incidence of non-disjunction in 
drosophila indicated that non-disjunction oc- 
curred more frequently in elderly virgin flies. 
When these flies were used for breeding ex- 
periments an increased incidence of excep- 
tional males and gynandromorphs was ob- 
served.’° 

With the development of improved tech- 
niques, it became possible to reinvestigate 
the chromosomes in mongolism. Immedi- 
ately, chromosome counts were performed it 
became apparent that mongols had a chro- 
mosomal complement of 47 instead of the 
customary 46. The extra chromosome was 
discovered almost simultaneously in France 
by Lejeune, in England by Ford and co- 
workers, in Sweden by Book and Fraccaro, 
and in the United States by Puck. Priority 
of publication, however, goes to Lejeune who 
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reported that the additional chromosome was 
one of the small sub-terminal chromosomes 
usually referred to by most authors as chro- 
mosome 21."' It is quite remarkable that an 
extra chromosome, present in every somatic 
cell, should be compatible with life and in 
some instances, with reproduction. On the- 
oretical grounds, if mongolism is due to an 
unbalanced chromosome configuration, half 
of the children born should be normal and 
half affected. It is, therefore, of interest 
that of the seven children born to mongol 
mothers, five have been normal and two 
mongols, a result not significantly different 
from the expected ratio of 1:1, As a result 
of non-disjunction of chromosome 21, a 
triple allele system exists in mongolism in 
which two chromosomes have come from 
one parent and only one from the other. 
This chromosomal constitution offers a 
unique opportunity to study the products of 
the genes located on this particular chromo- 
some. It also offers an opportunity to ex- 
amine the phenotypic expression of a variety 
of biochemical characters when present in 
a triple allelic system. 


Immediately, the trisomic configuration of 
the chromosome complement in mongolism 
was recognized. It became important to 
study other gross congenital defects and, 
particularly, those diseases associated with 
an increased maternial or paternal age in 
the parents of those affected. 


Acrocephalosyndactly or Apert’s syndrome 
is a severe deformity characterized by un- 
split fingers and toes and mental deficiency. 
This condition has recently been shown to 
be associated with a marked increase in the 
paternal age and a disarranged chromosomal 
constitution seemed possible.** However, ex- 
amination thus far has not demonstrated any 
abnormality in the chromosomes in Apert’s 
syndrome. Indeed, there is now an impres- 
sive list of “negatives”; anencephaly, epiloia, 
Marfan’s syndrome, Wilson’s disease and 
achondroplasia are among the conditions 
which are known to have a normal chromo- 
somal arrangement. It can probably be as- 
sumed that any defect in the larger chromo- 
somes would be lethal. It is worth em- 
phasizing that the finding of a normal chro- 
mosomal constitution in a single patient 
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with any given condition does not exclude 
the possibility that other cases may show 
abnormalities. 


Translocations 


Reciprocal translocation of the chromo- 
somes occur when two chromosomes frag- 
ment and mutual exchange through reunion 
of the fragments takes place. Translocations 
have been suggested in man to explain cer- 
tain unusual pedigrees but, until recently, 
were entirely theoretical. Unbalanced trans- 
locations, where there is a net deficiency of 
chromosomal material, might be expected to 
be lethal, but balanced translocations in 
which the total genetic material is normal 
but where the distribution is unusual might 
be expected to give rise to congenital defects. 
Translocations might be suspected in pedi- 
grees where the disease is transmitted by un- 
affected individuals and in whom collateral 
relatives are affected. A recent case pub- 
lished in France’ suggests that transloca- 
tions in man can be responsible for congeni- 
tal defects. The patient, a boy of four and 
one-half years, was born with multiple bony 
deformities of the vertebral column. De- 
layed development and mental deficiency 
were additional features. Culture of somatic 
tissue revealed 45 chromosomes instead of 
the normal 46. It was observed that in ad- 
dition to the absence of one small chromo- 
some, one of the arms of another chromo- 
some was considerably larger than its homo- 
logue. The easiest explanation, and one ad- 
vanced by the authors, is that part of the 
missing chromosome has been relocated on 
one of the arms of the larger chromosome 
with elimination of the remaining fragment. 
This would give rise to the observed total 
complement of 45. 


Thus far, we have discussed abnormalities 
of the autosomes. Both the male and fe- 
male sex chromosomes are of small size and 
abnormalities in the chromosomal comple- 
ment of the X and Y might be expected to 
affect sexual development without neces- 
sarily being lethal. To anticipate the next 
few pages, it can be said that non-disjunc- 
tion of the X chromosome is now well rec- 
ognized. The XXY, XO and XXX configu- 
ration have now all been recognized in man. 
In addition, cases have been described which 
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suggest genetic mosaicism of the sex chro- 
mosomes. 


Klinefelter’s Syndrome 


This condition is a variety of primary tes- 
ticular hypogonadism. Eunuchoidism and 
gynaecomastia are common presenting symp- 
toms. Histologically, the testes reveal a 
characteristic tubular fibrosis with a relative 
increase in Leydig cells." 


It is necessary, at this juncture, to recall 
the extremely important observations of 
Barr and Bertram made ten years ago.’® 
These workers demonstrated a difference in 
the morphological appearance of the nuclei 
of a variety of tissues depending upon 
whether the cells came from a male or a fe- 
male animal. In cells obtained from females 
the nucleus contains a small body which con- 
tains D.N.A. which usually, but not always, 


lies against the nuclear membrane. This ma- [| 


terial which is designated ‘‘sex chromatin” 
can be seen most conveniently in buccal mu- 
cosal smears. 


matic part of the two X chromosomes. Fe- 


males are termed 


and do not reveal the sex chromatin body 


in mucosal smears, are called chromatin neg- 7 


ative. It should be emphasized that these 
statements represent only the simplest in- 
terpretation of the data, and do not explain 
the occasional discrepancies observed in cer- 
tain species. 

Patients with Klinefelter’s syndrome have 
been studied by Barr’s nuclear sexing tech- 
nique. Surprisingly, a high proportion of 
patients with Klinefelter’s syndrome were 
found to be chromatin positive.** A further 
fact suggesting an abnormality in the sex 
chromosomes stemmed from observations on 
color blindness in which nearly all the chro- 
matin positive individuals were found to 
have normal color vision suggesting an XX 
chromosomal constitution.** The occasional 
color blind patient with Klinefelter’s syn- 
drome can be explained on the basis of cross- 
ing over. 

Clearly, chromosomal studies were indi- 
cated and were undertaken by Ford and co- 
workers who revealed a chromosomal count 


There is a fair amount of evi- | 
dence, not yet completely conclusive, that — 
sex chromatin represents the heterochro- | 


chromatin positive, | 
whereas males, who have on X chromosome 7 
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of 47 with an XXY configuration.’*** In 
other words, non-disjunction of the X chro- 
mosome had given rise to the XXY chromo- 
somal state. In those patients who were 
chromatin negative, chromosomal examina- 
tion disclosed the expected XY configuration. 
It is probat’y significant that recent evidence 
suggests that there may be a maternal age 
effect in Klinefelter’s syndrome similar to 
that found in mongolism. 

A remarkable observation has emerged as 
a result of an investigation of mental defi- 
ciency and Klinefelter’s syndrome. Approxi- 
mately 2 per cent of patients with Kline- 
felter’s syndrome are mentally defective ;*° 
the significance of this observation is still 
uncertain but it suggests that some of the 
genes associated with normal mental devel- 
opment may be located on the sex chromo- 
somes. One case has recently been reported 
in which mongolism and Klinefelter’s syn- 
drome co-existed in the same patient.*! Non- 
disjunction of chromosome 21 and X had oc- 
curred during maternal oogenesis. 


Turner’s Syndrome (Ovarian Agenesis ) 


Turner’s syndrome reflects another chro- 
mosomal aberration which has been recently 
recognized. A certain number of patients 
with ovarian agenesis have been found to be 
chromatin negative. Clinically, these pa- 
tients fail to mature at puberty and have an 
absence of secondary sex characteristics. 
Some patients have, in addition, multiple 
congenital defects including webbing of the 
neck and coarctation of the aorta. Patho- 
logically there is a complete absence of ova- 
rian and testicular tissue.’* These patients 
might be expected to have an XO chromoso- 
mal complement. Indeed, cytological exami- 
nation has now revealed an XO configura- 
tion -in a large proportion of patients with 
ovarian agenesis.*** 

It should be emphasized that not all cases 
of Klinefelter’s syndrome are XXY and not 
all cases of Turner’s syndrome are XO. Some 
patients may demonstrate a chromosomal 
mosaicism, and some patients may have an 
apparently normal chromosomal constitu- 
tion. In this stage of knowledge, it is vitally 
important to correlate the precise clinical 
symptomatology with cytological findings. 

Recently, Barr** has described a few pa- 
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tients who were inmates of a mental institu- 
tion in whom double chromatin bodies were 
seen in the nuclei obtained from mucosal 
smears, Cytologically, these patients might 
be expected to reveal an XXX configuration. 
Unpublished observations have disclosed a 
triple X chromosomal female who was ex- 
amined at an infertility clinic.** She corre- 
sponds, cytologically, to the relatively infer- 
tile superfemale described in drosophila. 


The continued study of the chromosomes 
of man may aid in the construction of a 
chromosome map and ultimate:y may per- 
mit a greater understanding of man’s genet- 
ical diversity in precise cytological and bio- 
chemical terms. 
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Physiologic, Psychologie and Social Determinants of 


Psychosomatic Disorders 


I, ARTHUR MIRSKyY, M.D. 


Psychosomatic disorders are physiological 
derangements consequent to a chain of 
events in which some psychologic, social or 
cultural determinant is involved. Although 
the influence of such determinants in the de- 
velopment and aggravation of various clini- 
cal derangements have been apparent since 
antiquity, it was the subject of philosophic 
rather than scientific interest until relatively 
recently. The inferences derived from Can- 
non’s ingenious experimental observations 
and those derived from Freud’s penetrating 
clinical observations led to a revival of in- 
terest in the manner in which the immaterial 
influences the material; in the mechanisms 
whereby feelings, attitudes, ideas, social 
mores and values influence physiologic activ- 
ities and are in turn influenced by such ac- 
tivities, Cannon’s observations led to a new 
neurohormona] approach to the investigation 
of man’s reactions to environmental influ- 
ences. Freud’s observations led to a new 
dynamic psychologic approach to the inves- 
tigation of man’s behavior, The convergence 
of these two lines of development resulted in 
the hybrid, psychosomatic medicine. If 
viewed as just another of the multitudinous 
branches of medicine, it exhibits the repro- 
ductive sterility that ensues from the hy- 
bridization of excessively divergent lines. 
However, when viewed as a method whereby 
the tools and concepts of the behavioral sci- 
ences are integrated with those of other dis- 
ciplines in the study of patients with clinical 
disorders, it exhibits the hybrid vigor that 
ensues from the mating of compatible lines. 

The dynamic stability that distinguishes 
the healthy individual is the result of con- 
tinuous flux within and between molecules, 
cells, tissues, organs, systems, individuals 
and societies. These are all biological proc- 
esses; the processes involved in the quest for 
status by an individual or by a society are 
just as biological as are the processes in- 
volved in maintaining the constancy of the 
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amino acid sequence of a specific protein. It 
is perhaps redundant to emphasize that the 
same forces that are responsible for goal 
directiveness on the biochemical and physio- 
logic levels of organization also operate to 
motivate human behavior. The study of 
these various processes, however, requires 
the application of different disciplines, each 
of which provides concepts and techniques 
relevant to some specific level of organiza- 
tion. The classification of different levels of 
organization and the disciplines most ap- 
propriate to their study is quite artificial in- 
sofar as the study of man is concerned; it 
reflects our inability to define some unifying 
concept for the description of interactions 
between .all levels of organization. Since 
every level, from the molecular to the social, 
is involved to varying degrees in the predis- 


pos.tion, precipitation and perpetuation of — 


morbid states, all clinical disorders are psy- 
chosomatic to some degree. 

Psychosomatic does not mean psychogenic. 
Nor does it imply the absence of a genetic 
determinant. All that the term implies is 
that some experiential factor is an essential 
but not necessarily a sufficient condition for 
the development of an illness. This is quite 
evident, for example, from the data obtained 
from patients suffering with duodenal ul- 
cer as well as those with diabetes mellitus, 
pernicious anemia, essential hypertension, 
bronchial asthma and other disorders. 

The syndrome of duodenal ulcer is char- 


acterized by a relatively high rate of gastric — 


secretion.’*-* Since many of the noxious in- 
fluences which appear to precede the devel- 
opment of duodenal ulcer are effective in pro- 
ducing an increase in the gastric secretion 
of healthy subjects, it was assumed by many 
that the gastric hypersecretion is the essen- 
tial determinant of the duodenal lesion.’ 
After establishing that the rate of excretion 
of pepsinogen in the urine*’ or the concen- 
tration of pepsinogen in the blood*® can be 
used as indices of gastric secretory activity, 
it was demonstrated that patients with duo- 
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denal ulcer have a greater rate of pepsinogen 
excretion*~* and a much higher concentration 
of pepsinogen in the blood’®-* than do sub- 
jects without any gastrointestinal disturb- 
ances. 

The fact that an increase in gastric secre- 
tion is associated with the presence of a duo- 
denal ulcer does not mean that the former 
is responsible for the latter or vice versa. 
Thus, patients with duodenal ulcer may show 
the same high rate of gastric secretion dur- 
ing asymptomatic intervals when the lesion 
has healed as they do during exacerbations 
when the lesion is quite active.’*"* Further, 
the concentration of pepsinogen in the blood 
of 4 per cent of apparently healthy adult 
subjects is greater than the mean of values 
found in patients with duodenal ulcer; ap- 
proximately 17 per cent of the former have 
values which fall within the range of those 
obtained in 85 per cent of the patients with 
duodenal ulcer. Likewise, the concentration 
of pepsinogen in the cord blood of approxi- 
mately 12 per cent of neonates have values 
which are in the range of those found among 
adult patients with duodenal ulcer; 0.5 per 
cent have values which are beyond the mean 
of the duodenal ulcer group. Presumably, 
the stomachs of such “healthy” subjects are 
hypersecreting with respect to pepsinogen. 
Such observations suggest that gastric hy- 
persecretion may be an essential but not the 
sole determinant in the etiology of duodenal 
ulcer. 

The precise circumstances responsible for 
the precipitation of ducdenal ulcer has been 
the subject of much controversy. Yet, even 
those who attribute the precipitation of the 
syndrome to some unknown physical insult 
associated with specific geographical areas, 
specific occupations, faulty diets, excessive 
smoking, etc., concede that the psychic ten- 
sion initiated by exposure to some environ- 
mental event is a prepotent factor.’® Al- 
though numerous studies have established 
that various manifestations of psychic ten- 
sion may be associated with a variety of gas- 
trointestinal disturbances in man,’*** no defi- 
nitive clue as to the source of the tension 
became apparent until Alexander and his col- 
leagues applied psychoanalytic principles to 
the study of patients with duodenal ulcer.** 
These studies led to the generalization that 
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such patients have in common some experi- 
ence during childhood that resulted in a per- 
s:stence of strong wishes to be loved and 
cared for. Subsequently, on exposure to an 
external circumstance that increases such 
wishes, psychic conflict arises from their re- 
pudiation because of shame, pride, etc., or 
because of the limitations imposed by real- 
ity. The resultant frustration was postu- 
lated to precipitate the syndrome. 

Subsequent psychoanalytic and other psy- 
chologic observations of patients with duo- 
denal ulcer are in essential agreement that 
irrespective of their “personality type” or 
their overt behavior, patients with duodenal 
ulcer exhibit evidences of a basic oral depri- 
vation, the persistence of strong infantile 
oral dependent wishes, tendencies to please 
and placate, problems revolving about the 
management of oral incorporative impulses, 
and problems about passivity and hostil- 
ity.**-°* Yet, similar psychodynamic patterns 
can be demonstrated in subjects without any 
gastrointestinal disturbance or in subjects 
with some other physiologic derangement. 
Consequently, a psychic conflict, specific or 
otherwise, may be an essential but not the 
sole determinant in the precipitation of duo- 
denal ulcer. 

It is generally acknowledged that some so- 
cio-cultural event is a major factor in initi- 
ating the emotional reaction which induces 
the processes responsible for the precipita- 
tion of duodenal ulcer. Yet, there is nothing 
specific about the social situation which so 
frequently precedes the precipitation of the 
syndrome. The only inference that can be 
made from the available data is that it is 
the specific meaning of the environmental 
event to the particular individual that deter- 
mines whether or not the event is responded 
to as if it were a noxious one.***";**:*° 

The high familial incidence of duodenal ul- 
cer*'*? and the significantly greater incidence 
of blood group type 0 among those with pep- 
tic ulcerations**-** suggest the involvement of 
some genetic factor. That an increased ca- 
pacity to secrete gastric juice may be such 
a factor is suggested by the greater secre- 
tory cell mass in the stomachs of patients 
with duodenal ulcer* and by the positive cor- 
relation between the number of parietal cells 
and the presence of duodenal ulcer.*’ Such a 
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genetically determined increased secretory 
activity will be reflected in the concentration 
of pepsinogen in the blood. 

If gastric hypersecretion is an essential de- 
terminant in the development of duodenal ul- 
cer, it may be postulated that those with 
high concentrations of pepsinogen in the 
blood represent that segment of the popula- 
tion with a maximal secretory capacity,” i.e., 
those who are most likely to develop duo- 
denal ulcer on exposure to appropriate cir- 
cumstances. In support of this hypothesis 
is the observation that, as with a population 
of patients with duodenal ulcer, there are 
approximately three men for every woman 
among the healthy population who have a 
concentration of pepsinogen in the serum 
which is beyond the mean of that of the pa- 
tients.'° 

From the studies of patients who are al- 
ready suffering with duodenal ulcer it would 
appear that there are three parameters 
which contribute to the development of duo- 
denal ulcer, viz., a physiologic parameter 
which determines the gastric hypersecretion 
essential for ulceration of the duodenum, a 
psychologic parameter which determines the 
relatively specific psychic conflict which in- 
duces frustration and a consequent increase 
in psychic tension, and a social parameter 
which determines the environmental event 
which will prove noxious to the particular 
individual. Accordingly, a duodenal ulcer 
should develop when an individual with a 
sustained rate of gastric hypersecretion and 
specific type of personality is exposed to an 
environmental situation which mobilizes the 
aforementioned conflict and induces psychic 
tension. 

Two sets of studies were designed to eval- 
uate the predictive value of the three param- 
eters in the development of duodenal ulcer. 
The degree of gastric secretion as gauged by 
the concentration of pepsinogen in the serum 
comprised the physiologic parameter; sub- 
jects with serum pepsinogen concentrations 
beyond one standard deviation of the mean 
value of the adult healthy population were 
regarded as hypersecretors, while subjects 
with pepsinogen values below one standard 
deviation of the mean were regarded as hy- 
posecretors. The selection of subjects rep- 
resentative of those with the highest and 
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lowest concentration of pepsinogen in the 
blood permitted one group to serve as con- 
trols for the other. The style of interper- 
sonal interactions that could be inferred 
from psychoanalytic and psychoanalytically 


oriented interviews, and derived from pro- | 
jective and other psychologic techniques | 


comprised the psychologic parameter. In 
one study the exposure to 16 weeks of basic 
training at an Army camp comprised the 
environmental situation that might prove 


noxious to some and not to other subjects.** | 


In another study which has been in progress 


since 1946, the environmental event was one | 


that occurred spontaneously. 


The values for the concentration of pep- 


sinogen in the sera of 2073 draftees were 
found to be distributed normally. The hy- 
persecretor group selected for special study 
consisted of 63 of the 300 men who com- 


prised those with the upper 15 per cent of | 
The hypose- | 
cretor group consisted of 57 of the 179 men [ 
who comprised those with the lowest 9 per | 


the serum pepsinogen values. 


cent of the serum pepsinogen distribution. 


After a complete gastrointestinal roentgeno- 7 
logic examination and the various psycho- | 
logic examinations were completed, the men | 
Sub- | 
sequently, all but 13 men again were given | 


were sent to the basic training area. 


the psychologic tests and roentgenologic ex- 


aminations at some time between the 8th and f 


16th week of basic training. 


The first roentgenologic examination re- | 
vealed evidences of a healed ducdenal ulcer | 
in three, and of an active ulcer in one of the 
63 men with gastric hypersecretion. The sec- FF 
ond roentgenologic examination at the 8th | 
to 16th week revealed evidences of an active [ 
duodenal ulcer in an additional five men 7 
who did not have any signs of a gastrointes- [7 
tinal derangement at the outset of the study. 7 
All the subjects who had or developed evi- | 
dences of a duodenal ulcer were found among 7 
the 63 men with high serum pepsinogen val- 7 
ues; all nine subjects were in the upper 15 |) 


per cent of the blood pepsinogen distribution, 
8 of them being in the upper 5 per cent. 
Thus, 15 per cent of the men in the top 5 


per cent of the distribution developed a duo- | 
dena] ulcer during a relatively brief interval. 7 

In the long-term study, a population of | 
1600 children of from several months to 16 A 
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years of age and over 5000 adult men and 
women from various socio-economic strata 
were screened.'® As a rule, the two per cent 
of the population with the highest concen- 
trations of pepsinogen in the serum were se- 
lected to comprise the hypersecretor group 
for special study. Likewise, the two per cent 
with the lowest values were selected to com- 
prise the hyposecretor group. Although this 
study is still in progress, a fairly large num- 
ber of healthy hypersecretors who have been 
followed for several years developed the typ- 
ical signs and symptoms of a duodenal ulcer 
that was subsequently established roentgen- 
ologically. In contrast, none of the individ- 
uals comprising the hyposecretor group have 
developed the ulcer syndrome. Although 
many subjects showed an increase in the con- 
centration of serum pepsinogen or in the 
rate of pepsinogen excretion, just prior to 
the development of signs and symptoms of 
the duodenal ulcer syndrome, only rarely was 
the change statistically significant. 

Of interest is the relatively high incidence 
of duodenal uicer which occurred in the 2 
per cent of children with the highest serum 
pepsinogen concentrations. Approximately 
10 per cent of such children developed duo- 
denal ulcer at from 4 to 6 and 10 to 14 
years of age. As was noted recently by Gold- 
berg,*® the clinical signs and symptoms of 
duodenal ulcer in children differ frequently 
from those observed in adults, and conse- 
quently the condition may be diagnosed in- 
correctly. 

Both the short-term and long-term studies 
revealed that about 85 per cent of subjects 
comprising the apparently ‘“‘healthy” hyper- 
secretor group exhibit essentially the same 
personality structure and the same psycho- 
dynamic pattern as described by Alexander 
and others to characterize patients with duo- 
denal ulcer. Thus the psychologic data from 
85 per cent of the subjects with high concen- 
trations of pepsinogen in the serum revealed 
intense needs that are principally ‘‘oral’’ in 
nature and which are manifested in terms 
of wishing to be fed, to lean on others, to 
seek close bodily contact with others, and 
other manifestations of marked dependency 
in relation to others. They exhibit marked 
degrees of compliance and of passivity. Sat- 
isfaction of their needs for external support 
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and external sources of satiation is at- 
tempted by many maneuvers. When such 
attempts fail, the resultant frustration 
arouses anger that cannot be expressed lest 
there ensue a loss of supply for their needs. 
Consequently, these subjects rarely complain 
or express any feelings of anger; instead 
they tend to deny or internalize hostile im- 
pulses with a resulting tendency to depres- 
sion. 

The specific manner in which the persist- 
ent infantile wishes are handled by the hy- 
persecretor group differs from individual to 
individual. Such differences appear to be 
determined by those factors in each person’s 
total life experiences, which play a role in 
personality development. Thus the psycho- 
logic defenses peculiar to each individual de- 
termines the manner and degree with which 
he reacts to environmental events. 

Various types of behavior which may be 
characterized as an “acting out” of strong 
oral cravings are apparent in the hyperse- 
cretor group. Such behavior includes exces- 
sive drinking, gambling, delinquency, pro- 
miscuity, etc. Such hypersecretors behave 
like the many patients with duodenal ulcer 
described by Rosenbaum and his colleagues.** 
Of interest in this connection is the observa- 
tion that whereas 4 per cent of the “healthy” 
population have serum pepsinogen concen- 
trations which are beyond the mean of those 
of patients with duodenal ulcer, 20 per cent 
of 307 men and women with a history of 
alcoholism have such high concentrations 
of serum pepsinogen. Of some significance 
also is the observation that approximately 
20 per cent of such a population developed 
duodenal ulcer. 

In the basic-training study, the men who 
developed duodenal ulcer differed from the 
other hypersecretors only in the intensity 
with which they attempted to maintain re- 
lationships with others. Their anxieties cen- 
tered around a fear of expressing hostility; 
they went out of their way to rationalize, 
deny, and displace such feelings. The need 
to please and placate authority figures as 
potential sources of affection were particu- 
larly striking. 

The precise social event which appeared 
to be related to the precipitation of duodenal 
ulcer differed from person to person. In the 
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Army study, it appeared that separation 
from home and all the restrictions associ- 
ated with the basic-training period were nox- 
ious to some. In the long-term study, how- 
ever, it was possible to delineate what ap- 
peared to be the significant event. These 
events varied from the birth of a sibling to 
a 4-year-old girl, the birth of his first child 
to a man of 27, the failure in a school exami- 
nation by a 12-year-old boy, the dissolution 
of a partnership with a strong paternal figure 
by a 40-year-old lawyer, the shift from a po- 
sition in which he could do for others to one 
in which he dealt with policies by a 53-year- 
old executive, the enforced retirement from 
his executive position by a 64-year-old chem- 
ist, etc. Loss of a spouse by death or di- 
vorce, illness or loss of a parent, and a va- 
riety of events which resulted in a disturb- 
ance in dependent relationships with other 
individuals frequently preceded the develop- 
ment of the duodenal ulcer syndrome. All 
the apparent precipitating events were char- 
acterized by their quite obvious effect on 
the mobilization of fears of loss of love and 
security and the intensification of persistent 
infantile passive, oral-dependent wishes; 
their satisfaction being frustrated by the 
activation of what Weisman refers to as the 
passivity-activity nuclear conflict.*° 

It is beyond the scope of this discussion 
to present data on the various biochemical 
and physiologic changes that ensue with an 
increase in psychic tension and which re- 
sult in a duodenal ulcer in the gastric hyper- 
secretor but not in the normo- or hypose- 
cretor.'* Likewise, it will take us too far 
afield to present the relatively recent obser- 
vational and experimental evidence that re- 
veal some of the mechanisms responsible for 
the persistence in the adult of strong urges 
and wishes which were once appropriate in 
the childhood. Although it is quite possible 
that some real or fantasied rejection by a 
significant parental figure may be respon- 
sible in some instances, such does not appear 
to be the responsible factor in most in- 
stances. It is possible, however, that the 
genetic factor which determines the gastric 
hypersecretion, determines also some aspects 
of the physiologic systems involved in the 
development of the assemblage of adapta- 
tions which is referred to as the autonomous 
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function of the ego.°*° 

The rate of gastric secretion with which 
a child is born may itself play a significant 
role in the kind of relationship that devel- 
ops between the child and mother. The in- 
fant with gastric hypersecretion has a stom- 
ach which is behaving constantly as that 
of the hungry normosecreting infant, and 
may not respond to feeding and associated 
processes with the same degree of physio- 
logic relaxation as does the normosecretor. 
In such instances, even the mother who is 
free of any rejecting attitudes, may be only 
partially successful in her efforts to provide 
that physiologic satiation which permits the 
infant to pass successfully through the ear- 
liest phases of emotional and social develop- 
ment. The degree to which infantile wishes 
will persist may depend upon a quantitative 
relation between the mother’s capacity to 
satiate the infant and the rate of gastric 
secretion by the infant’s stomach. Subse- 
quently, environmental events will be per- 
ceived in terms of the persistent infantile 
wish so that events which are innocuous to 
most become noxious to the hypersecretor. 
The psychic tension thus produced will be 
discharged in the non-specific reaction of 
anxiety with its physiologic concomitants. 
Accordingly, it may be postulated that the 
genetically determined gastric hypersecre- 
tion serves not only as a predisposing factor 
in that it is essential to the production of 


the duodenal lesion, but it also influences so- | 
cial interactions and thereby plays a role in | 
the persistence of infantile wishes which | 
then act as noxious precipitating factors | 
when mobilized and frustrated by meaning- / 


ful environmental events. 


The multiplicity of variables essential to 2 


the development of a clinical disorder are 
apparent also in some current studies on the 
etiology of pernicious anemia. Patients with 
this syndrome have a diminished capacity to 
absorb vitamin B,, because of a decreased 
secretion of intrinsic factor by the stomach. 
The associated gastric achylia is reflected in 
a minimal concentration of pepsinogen in the 
circulation.’ Apparently healthy subjects 
with similar low concentrations of pepsino- 
gen in the blood likewise have a diminished 
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gen in the blood were selected as the popu- 
lation with one of the parameters essential 
to the syndrome of pernicious anemia. Psy- 
chological studies revealed that the major- 
ity of such apparently healthy hyposecretors 
tend to have problems about internal, bodily 
discomfort and react to the sources of the 
discomfort with intense hostility, which they 
express relatively freely. They exhibit evi- 
dences of a hostile feminine identification, 
and pseudomasculine defenses are noted fre- 
quently. Very characteristic is the degree 
with which these subjects utilize projective 
defenses to ward off anxiety-inducing stim- 
uli. The most common event that appears 
to be responsible for the precipitation of the 
pernicious anemia is some social situation 
which deprives the individual of the means 
he has utilized to maintain his prestige and 
to support his various defenses. 

Time does not permit presentation of evi- 
dence on the potent roles of psychological 
and social determinants in the etiology of 
diabetes mellitus, essential hypertension, 
bronchial asthma, tuberculosis and many 
other clinical disorders. The brief survey 
of the variables involved in the etiology of 
duodenal ulcer and of pernicious anemia re- 
veals these various disorders to be the result 
of a complex dynamic interaction between 
the genetically determined potential and the 
constantly changing physical and social en- 
vironment. The precise mechanisms involved 
in this interaction cannot be established from 
“post-hoc” studies of patients who are al- 
ready suffering with their disorder. More 
promising is a ‘“propter-hoc” approach 
which will permit the study of persons be- 
fore they become patients. 

The “‘propter-hoc” approach that has been 
utilized in our studies is based on the hypoth- 
esis that the quantitative assay of any sys- 
tem of the individuals comprising a suffi- 
ciently large population will yield measure- 
ments that distribute themselves normally 
or with a slight degree of skewing. The in- 
dividuals whose measurements comprise the 
extremes of the distribution curve represent 
those segments of the population that may 
be most susceptible to under- or overactivity 
of the specific system.** The systematic ap- 
plication of the various disciplines to the 
study of the apparently healthy individuals 
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comprising these segments will permit an 
assessment of the relative influences of phys- 
iologic, psychologic and social determinants 
in the subtle transformation of health to dis- 
ease. This will afford precise definition of 
the complex interaction between the factors 
involved in the predisposition and precipi- 
tation of morbidity. Then both prediction 
and prevention of clinical disorders will be- 
come possible and clinical medicine will have 
maturated into a clinical science. 
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Genetic Data in Evaluation and Management of Disordered 


Behavior in Children 


LAURETTA BENDER, M.D. 


In this presentation, I do not consider it 
my function to enter the controversy involv- 
ing the evidence for the gene-determination 
of various disordered childhood behaviors. 
I recognize that the controversy is unre- 
solved in many instances. However, there is 
considerable clinical experience usually sup- 
ported by documented data of a genetic na- 
ture that is systematically used in child psy- 
chiatry in the evaluation and prediction, 
management and treatment of disordered be- 
havior of children. It is this type of expe- 
rience which I will present. 

As the Director of the Child Guidance 
Clinic of the New York Infirmary I have 
had the opportunity to participate in an ac- 
tive out-patient psychiatric clinic for chil- 
dren and adolescents, including a remedial 
reading and speech clinic for children with 
language or learning retardations, a psycho- 
therapeutic program for selected children 
on a short term basis, social service guidance 
and case work with families of problem chil- 
dren, and a consultation service of my own 
which includes requests for my services as 
well as referrals from the pediatricians of 
the Infirmary and other clinic or agency re- 
ferrals. 

The kind of experiences which I will dis- 
cuss have been somewhat arbitrarily classi- 
fied in ten areas: 

1. The maturation pattern of the human 
infant is predetermined. Gesell has described 
variously the significance of this growth 
process, such as: 


“Development is the business of the infant and 
child; it is his task. If he fails, there is no second 
chance. Failure of normal development in infancy 
is insuperable because of the indivisible unity of 
life, growth and age.” (1947, p. 157.) 


The urgency for the normal pattern of de- 
velopment to overcome any incidental mis- 
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haps or noxious agents is so great that the 
ageless faith in a child “outgrowing” his 
disordered behavior is something that the 
psychiatrist should consider more often. 

Gesell has also revealed to us the embry- 
onic and foetal roots for normal behavior 
development in his Embryology of Behavior 
(1945). At the same time he has described 
the pattern of lags, fixation of regressions 
in disordered behavior which may occur with 
developmental mishaps in the course of in- 
tra-uterine life, or as a result of toxic influ- 
ences from the maternal organism such as 
radiation or virus diseases in that critical 
first trimester of intra-uterine life when the 
growth of the brain is most active. 

I have also learned (Bender, 1952) from 
Gesell’s Embryology of Behavior that early 
schizophrenia is best defined as a matura- 
tional lag at that level of behavior described 
in the youngest foetal infants without the 
structural defects which occur in infants 
damaged at the same developmental period 
by the mother’s infection with rubella, 

General maturation lags, either gross or 
subclinical, involving all behavior—motor de- 
velopment, muscle tone, visceral behavior 
(intestinal, resp:ratory, sleep), speech, intel- 
ligence, object relationship and social and 
emotional attributes—may follow a family 
pattern of retardation, or a single child who 
has suffered an insult to his development, 
may differ from the family pattern. In this 
connection the high or low ceiling of familial 
intellectual endowment must be considered 
in evaluating the child’s potentialities. One 
also gets the impression that the urgency for 
overcoming handicaps and attaining normal 
development seems greater in damaged chil- 
dren with gifted endowment, 

2. There is a considerable body of knowl- 
edge that disordered behavior associated 
with developmental disorders follows a dif- 
ferent pattern in the two sexes. Statistically 
the number of boys exceeds the number of 
girls in every type of growth or develop- 
mental disorder (B. Malzberg, 1953), espe- 
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cially in those associated with mental retar- 
dation. Furthermore the disordered beha- 
vior deviates more from the normal expected 
of a boy in our culture than in a girl with 
similar congenital or accidental disorders of 
growth, or girls may respond more rapidly 
to treatment or training either physiologi- 
cal, environmental or psychological. 

3. Closely associated with the problems of 
sexual differences is the problem of different 
responses to disordered behavior at different 
age epochs which is sharply accented by the 
difference in sex. For example, decompen- 
sation in early schizophrenia is more com- 
mon in boys than girls before puberty (Kall- 
man, 1956; Bender, 1953). After puberty the 
female is more prone to schizophrenic break- 
downs which increases with age (Kallman). 
At puberty many schizophrenic boys, seri- 
ously disordered in early childhood and the 
latency period, tend to smooth out their be- 
havior pattern into normal or near normal 
behavior, then show “psychopathic” beha- 
vior in adolescence preceding a psychotic 
break in adulthood (Bender, 1959). Seri- 
ously disturbed girls at the age of five to 
seven, spontaneously “recover” during lat- 
ency but may become disturbed again in ado- 
lescence (Bender, 1956). Needless to say, 
it is important to take this type of knowl- 
edge into consideration in evaluating a child, 
predicting his or her future and making 
plans for care and education. 

4. Maturation lags in learning, especially 
in the language area, have been recognized 
as familial and related in some way to uni- 
lateral cortical dominance (Orton, 1937; 
Bender, 1958; Halgren, 1950). They are 
very common (10-15% of all school chil- 
dren) and universal. At the International 
Conference of Child Psychiatry, Lisbon, 
1958, this problem was reported from many 
countries. Children with this problem have 
many other immaturities of a functional and 
behavioral nature. Boys have this problem 
as well as left handedness, stuttering, etc., 
many times more commonly than girls (Or- 
ton, 1930; Rabinovitch, et al., 1956). Al- 
though Penfield and Roberts (1959) have de- 
nied the validity of the concept that left 
handed people are right cortical dominant, 
there is still considerable evidence that con- 
genital language learning lags are related to 


FEBRUARY 


immaturities in establishing left cortical 
dominance (McFie, 1952; Rife, 1951). 


5. There are an increasing number of ge- 
netically determined disturbances in devel- 
opment usually classified with the mental 
deficiencies (Jervis, 1953). However, the 
problem is too important to be limited to 
mental deficiency. A mentally retarded child 
is the proper concern of child psychiatry, Of 
equal importance to a child psychiatrist is 
a large group of children with subclinical 
forms of such disorders, often unrecognized, 
who show disordered behavior rather than 
mental retardation and who are developing 
with a handicap that requires better under- 
standing than they have been receiving. I 
am referring, of course, to such conditions 
as Mongolism (Benda, 1949), Huntington’s 
chorea, the increasing number of conditions 
classified as inborn errors in metabolism, 
perhaps also such conditions as hypertele- 
orism, Sturges-Weber syndrome and the syn- 
drome named after Gilles de La Tourette 
(Eisenberg, et al., 1959). 


6. Some forms of convulsive disorders, 
with immaturities or disturbed behavior in 
the child, follow a family pattern and the de- 
velopment of younger children in the family 
can often be predicted and directed into a 
more healthy pattern. It is well known that 


electroencephalograms have familial charac- | 


teristics (Kennard, 1949) and give us in- 


sight into disorganized, impulsive behavior | 


preceding the actual onset of convulsions at 
puberty. 


7. Blood type incompatibility in the Rh | 
and ABO groups are known to cause kernic- — 


terus which damages the brain of the new 
born, Although the actual brain damage is 
not of genetic origin, the sensitivity that 
leads to the degenerative products in the 


blood stream is due to a genetic factor (Ev- | 


ans and Polloni, 1950). 

8. Schizophrenia in childhood has been 
shown by Kallman and Roth (1956), as well 
as by my own less well documented data, 
to have a definite heredity pattern, The fam- 
ily history is thus of the greatest impor- 
tance not only in establishing a diagnosis but 
also in ruling it out. Aside from statistics, 
however, one can often use the family pat- 
tern of response to a schizophrenic process 
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in predicting the future of an individual. It 
also appears that the capacity for forming 
adequate defenses against the schizophrenia 
may have a familial pattern, even if a non- 
specific one. This has been suggested by 
Kallmann and I find it a meaningful factor 
to consider in clinical practice. The sex, age 
and familial intellectual endowment have 
also to be considered in evaluating any child. 
One often has to advise parents about hav- 
ing other children. Also I have now reached 
the stage where some of the individuals 
diagnosed as small children, and have fol- 
lowed through 20 years and more, are asking 
advice about marriage and the prospects for 
their children. The studies on new born in- 
fants, either at random in healthy baby clin- 
ics, or from known psychotic parents, indi- 
cates that the embryonic features discussed 
before can be observed and have predictive 
value (Fish, 1957). 


9. There are a group of conditions which 
currently tend to fall into the psychosomatic 
classification with more or less well recog- 
nized familial or genetic features and which 
present a variety of disordered behavior 
probems, often with different features of 
childhood immaturities, sometimes severe 
enough to be referred to as “familial dysau- 
tonomia” (Freedman et al., 1957). These in- 
clude the allergies—asthma, migraine head- 
aches, diabetes—some of these conditions 
are associated with episodes of anoxia re- 
ferred to as allergic encephalopathy, dia- 
betic coma, etc., leading to subclinical brain 
damage, which further disorganizes the de- 
velopment and behavior of the child. 


For lack of other classification, I will in- 
clude eneuresis here. Some of the pediatri- 
cians, notably Dr. Harry Bakwin (1942), be- 
lieve and teach that eneuresis is a matura- 
tional lag and familial or hereditary. I am 
not familiar with actual documented data to 
prove this. 


10. There is still an area, difficult to cap- 
ture into a well articulated pattern, but 
which many sensitive physicians and geneti- 
cists must somehow more than half believe 
in. That something about the personality 
is inborn and determined by certain constel- 
lations of genes carried on from ancestors. 
Ginsberg and others (1954) have studied 
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smaller mammals, where reproduction and 
the life span move rapidly enough for ob- 
servation and give evidence of such inherited 
personality characteristics and the authors 
are willing to make analogies in human be- 
ings. 

Therefore when a child with disordered 
behavior is brought in, it is important to 
interview and observe all members of the 
family that come to you, studying the body 
structures, head size and shape, neurological 
patterning, mannerisms, habits of speech, 
while listening to what seems important to 
each family member, including comments on 
their own personal history. One must also 
observe the interplay of personalities and 
how each relates to the other. I realize that 
there are some (N. Ackerman, 1958) who 
feel that we must send an observer into the 
home and get elaborate social histories. Such 
studies have real sociological and psychia- 
tric value of a general nature, but my per- 
sonal experience is that one gets lost in the 
mass of irrelevant data, due to the projection 
of the observer rather than pertinent ma- 
terial to the case in hand. One has to ac- 
quire a certain sensitivity and interest in 
this type of observation and trust to a cap- 
sule formulation. This is not always pos- 
sible in one visit and subsequent visits should 
be arranged through which a view of the 
longitudinal growth pattern may be formu- 
lated. 

It is characteristic of the child that one is 
never referred for consultation with a sim- 
ple, pure, single problem, unless in a very 
gross form. Each of the case histories which 
I offer for illustration will consequently pre- 
sent several areas in which the genetic fac- 
tors play a role: 


Case Histories 


Case No. 1. David U., a four-months old baby boy, 
had been diagnosed at birth as possible mental de- 
ficiency due to a congenital brain disorder. Much 
of his second month was spent in a hospital for ob- 
servation, where laboratory tests showed no devia- 
tion from the normal except slow brain waves in 
the EEG. He was noted to “just lie there,” to be 
unresponsive to stimuli, to have poor muscle tone 
and he did not gain weight. He was subsequently 
seen by several specialists, who confirmed the di- 
agnosis of congenital deficiency with a poor prog- 
nosis. Early institutionalization was urged. 

The mother was referred to me by her pedia- 
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trician because she believed the child normal. She 
gave this remarkable history. All of her four preg- 
nancies were unpredictable but similar; her menses 
were irregular; she never knew when she was preg- 
nant nor when the infant’s birth was due. She 
gained weight excessively and had difficulties with 
deliveries because of an inert uterus. Her first born 
was a boy, more sluggish and unresponsive than the 
present infant, he also had a club foot (corrected). 
He was very slow in weight gain, motor develop- 
ment and speech. The mother said “he lagged so 
far behind the Gesell standards that she threw the 
book away.” He soon started to accelerate in de- 
velopment and at 12 years is a recognized superior 
child, normal and happy. Two subsequent pregnan- 
cies were girls with similar pregnancy, birth and 
early history, but who developed more smoothly 
than the first boy, so that neither the mother nor 
the pediatrician worried. Before this fourth baby 
was born, the mother moved from their previous 
home town and he was born in a different hospital 
and was cared for by a different pediatrician. The 
mother said, “I am sure my other pediatrician 
would not have worried over this baby.’”’ Also the 
mother had a sister whose only child, a girl, was 
equally slow in early development but at eight years 
was normal. 

During his first nine weeks the child seemed to 
make no progress in weight gain or development. 
However, the mother said he was always alert, 
smiled at her and though quiet, was happy. In the 
second nine weeks he nearly doubled his weight. 
He also became more responsive and eager and en- 
joyed fondling and play with his family. 

My obsrvation was that of a remarkably toneless 
and quiet small baby in the arms of a mother who 
frequently expressed her warm affection for him. 
His eyes were alert, and vigilant in their regard 
for the mother or me. He showed some reaching 
out with the left hand and kicking with left foot, 
as well as increased tone of left face. I have ob- 
served this phenomena as a normal pattern and as- 
sociated it with myelinization of the neuron tracks 
to the dominant cortex. He came to me willingly, 
enjoying fondling, baby talk, play, etc. 

I urged the mother to have faith in her own judg- 
ment and to keep me posted as to development. She 
phoned me when he was 8% months stating that 
he had just gone through another series of exami- 
nations (I had tried to advise against this, but I 
think she was proud of being different and still very 
successful with her progeny). In a developmental 
test he scored at a normal 8 months with no retar- 
dation. He also was subjected to the Karelitz 
(1959) cry test in which he had an entirely unique 
cry unlike a normal baby, a preemie or CP baby, 
so the mother claimed. The mother said that he 
had developed very rapidly. 

He is now 15 months old. The pediatrician re- 
ports slowly accelerating development but “he is 
still a queer bird.’’ Tone is still poor in large mus- 
cles but small muscles function well. There is no 
unilateral tonic disorder. He sits alone, stands and 
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cruises with help. He speaks a few words and is 
alert and happy. 

This mother’s pregnancies and progeny certainly 
deviated from the norm. However, serious errors in 
prediction and management resulted from over-val- 
uation of the direct observation and examination of 
the infant himself. A true evaluation was only pos- 
sible by a careful evaluation of the family develop- 
mental pattern and observing the growth curve over 
a period of time. The difference between girls and 
boys in his family is also indicated, although the 
outcome is not different. 

Case No. 2. Charles F. was a four-year-old boy, 
referred by the pediatrician from a neighboring 
state because of retarded speech. Meanwhile he 
had been “worked-up” in a community guidance 
clinic where a diagnosis of infantile autism was 
made but with hopeful prognostic signs. The mother 
was told that he was emotionaliy disturbed and 
would require years of treatment and his parents 
too should have psychotherapy. 

The family history was significant. There were 
no members of either family who were mentally ill 
but several had language and learning retardation 
which they eventually outgrew. There was consid- 
erable history of left handedness in both families. 

There were three children in this family. All preg- 
nancies and deliveries were normal. ‘The oldest, a 
boy now 13, was slow in early motor development 
and is still clumsy. He did not talk until 342 years 
and was kept in kindergarten through his sixth year 
because he was not ready for first grade work. He 
is now doing good work at his normal grade level 
and is a well adjusted boy. The second child was 
a girl, now 11 years, left handed but not retarded 
in speech or reading. The mother is left handed. 

Charles, the youngest, was just under four years. 
He had developed no spoken language, his play 
pattern was simple and he was somewhat restless. 
However, it was reported that he took care of his 
own toilet needs, helped dress himself and fed him- 
self. He had a good daily program to which he 
conformed and was somewhat compulsive. He had 
never been anxious or phobic. He has shown con- 
tinual progress in behavior patterns and there have 
been no periods of regression. He did not suck 
his thumb, masturbate, or rock his body. His par- 
ents came with him and neither was over-anxious 
or detached. 


The child looked normal, he played quietly in the 
consultation room while the parents and I talked. 
He tested his parents once by touching an article 
not intended for play watching their reaction. He 
obeyed at once when told not to touch. He came 
to me at my request allowing me to carry out test 
procedures without anxiety. His tissue tone and 
motor strength were good. He appeared to be am- 
bidexterous or rather the dominant hand is not 
easily determined. 

I made a diagnosis of familial retardation in lan- 
guage or what might be called congenital aphasia 
(Bender, 1959). I urged the parents to do nothing 
that would disrupt the family circle but rather to 
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use the family background to stimulate this boy 
into more mature behavior. I anticipated that 
speech would occur soon and develop rapidly. In 
my opinion there were no features of infantile au- 
tism. I advised early placement in day camps and 
nursery school. 

A follow-up six months later showed that the re- 
ferring pediatrician was doubtful of my diagnosis 
and prognosis but approved of my recommenda- 
tions. The mother was discouraged and claimed 
that Charles had not improved as I predicted, but 
was, she said, ‘‘worse.’’ He was stubborn, negativis- 
tic, and had temper tantrums when frustrated by 
his inability to communicate. He attempted to say 
a few words but the mother was disgusted with his 
poor effort and discouraged him. He had been ac- 
cepted in a nursery school but the mother was cer- 
tain he would not succeed there. He is now defi- 
nitely left handed. He was provocative to his 
mother and she irritated him into a temper tantrum 
by deliberately misunderstanding his wants (a drink 


| of water). 


I advised the pediatrician to give the child a tran- 


| quilizer until he could get adjusted in a school and 


to get him away from the mother during the day. 
My diagnosis and prognosis was still the same. 


Case No. 3. Elaine C., a 5%-year-old girl from 
a nearby state first seen two years before when re- 
ferred by her physician. The problem was rather 
seriously deviate behavior and over-anxious parents. 

The parents were loath to have me see the child 
alone as they were continually correcting her be- 
havior or trying to explain it to me. They also 
tried to minimize the family history of schizophre- 
nia and to conceal their own anxiety. Their his- 
tory consisted mostly of statements about how much 
the child was improving and how they were to blame 
for over-protecting her. 

She gave the appearance of a well cared for child, 
healthy and nicely dressed and showed less anxiety 
over separation than her parents. At first she at- 
tempted to evade contact with me but then tended 
to melt against my body. Her tissue tone was poor. 
She was restless, continually touching parts of her 
own body with her hands, including her genitals. 
Her greatest disturbance was in the speech area, 


' which ranged from baby talk, echolalia, mimicry, 
' neologisms and highly intelligent and well articu- 


lated conversation with me but also with fantasied 
objects. 

My diagnosis of childhood schizophrenia was cer- 
tainly justified. But I wrote her physician that I 
thought the prognosis was good and that within a 
year or two she would function normally in a reg- 
ular school. I advised meanwhile that a program 
of day camps and kindergarten would keep her 
away from her parents during the day and help in 
her socialization. Above all she should not be ex- 
posed to psychological testing. A mild tranquilizer 
in sufficient dosage might help in the organization 
of her behavior. 

Last fall they returned to me very disturbed. A 
relative, who also had an emotionally disturbed 
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child, had been referred to a clinical psychologist 
and the parents could not resist having Elaine tested 
also. The testing procedure took a full week, dur- 
ing which the child and both parents had a full bat- 
tery of tests. The parents were told by the psy- 
chologist that the child was mentally ill and he could 
not understand why I had not told them so. He 
advised placing her in a state institution while both 
parents received psychotherapy. Meanwhile, the 
child had completed a year of public kindergarten, 
a summer of camp and was in a public school first 
grade, where her work was better than average. 
The referring pediatrician had not been consulted 
because he was too busy. 

Re-examination of Elaine showed marked im- 
provement. Her speech was now normal for the 
most part. She was in better contact and did not 
manipulate her body in any unacceptable fashion 
in public. The parents reported that she got more 
restless towards evening and had difficulty with 
sleep and seemed to masturbate at that time. 


I spent more time trying to explain why I thought 
the condition was less serious than the psychologist 
had said and what I thought of the child’s future. 
I impressed them with the importance of staying 
with their own physician, to whom I wrote again 
and advised that a tranquilizer be given to smooth 
out the evening and night disturbance in behavior. 

The current follow-up revealed that she had been 
referred to a child psychiatrist. since her pediatrician 
was too busy to handle the parents. She continues 
to improve and is considered normal in school. At 
home her restless nights are controlled with suit- 
able medication. 

Case No. 4. Jeffrey V., 5% years of age, referred 
from a medical center where he had had intensive 
pediatric, neurological, psychiatric and psychologi- 
cal evaluation. He was referred to our clinic for 
speech and psychotherapy for himself and psycho- 
therapy and counseling for the mother. Extensive 
histories preceded them, with records that this 
mother was continually taking her two children, 
Jeffrey and his sister, aged 214, to clinics for help 
because she said she was such a bad mother—the 
worrying kind—and that the children were not 
happy and did not ‘form relationships.’ The histo- 
ries, though extensive, did not provide the medical 
data deemed necessary. 

The mother dragged in a sobbing, struggling, 
stubborn, but well developed, attractive boy. She 
went through an elaborate ritual of “preparing” him 
for my interview and all the rich harvest that would 
be gathered from speech and psychotherapy, ter- 
minable and interminable, to which he answered, 
“No, I won't.” In my office he ordered his mother 
out and told me he would not come for speech or 
therapy, he didn’t like doctors or clinics or hospi- 
tals. He only liked to stay home with his mother. 
He liked his sister a little. His human figure draw- 
ing (cowboy) was good, and he could write his 
name. He exhibited negativism in as many forms 
as possible, including a good negative relationship 
and everything else appropriate. I heard no speech 
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defect. There were no neurological signs, though 
I could not test his vestibular responses. He was 
right handed and had good right-left orientation. 


His mother first told me she had already had two 
years of “psychoanalysis” to make her a better 
mother but she was constantly terrified when any- 
one told her the children were brain damaged, emo- 
tionally disturbed, etc., and was looking for help 
against the wishes and advice of her husband and 
pediatrician. 

Then came the important history. The first preg- 
nancy terminated at term but the child died soon 
after because of Rh incompatibility. Jeffrey was 
the second pregnancy. He was full term, weighed 7 
pounds, 8 ounches, was slightly jaundiced and was 
transfused within a few hours of birth and placed 
in an incubator. In spite of his mother’s anxious 
hovering over him day and night, he gained well and 
developed normally. His speech was not developed 
at two years and the mother heard that ne was 
“retarded.” This started her on her rounds of clin- 
ics. Then she heard “brain damaged because of 
the Rh factor” and agonized over this. The third 
pregnancy ran the same course as the second, ex- 
cept that the baby was a girl and developed more 
evenly and now at 214 has full speech, although the 
mother has also taken her to clinics since her sec- 
ond birthday. The fourth pregnancy terminated in 
a still born child. 

I diagnosed Jeffrey as a mildly brain damaged 
child due to the Rh incompatibility. The organic 
signs included the somewhat slowed maturation, 
anxiety, clinging to mother, and negativism, a syn- 
drome described by Greenacre (1952). I told the 
mother that it was remarkable that she had two 
such normal and promising children, considering 
the Rh factor, and that she was an unusually good 
mother, that the child did not need either speech 
or psychotherapy and would resist both effectively 
if they were tried. I urged her to abide by the good 
judgment of her husband and pediatrician and to 
enjoy her children and quit worrying about being 
a worrying mother. She wept and promised she 
would, but I daresay she will find a more coopera- 
tive therapeutic program somewhere else. 


Case No. 5. Susan S., a 14 year old girl was re- 
ferred by an infirmary pediatrician for severe eneu- 
resis which had not responded to any of the usual 
pediatric treatment methods. She had several days’ 
observation and examination in the hospital ward, 
which had revealed no pathology. It was thought 
that emotional factors might be significant since 
the parents were divorced, the father remarried with 
another family, and the mother and Susan lived 
alone, the mother being employed. 

Susan was an attractive girl, well dressed and 
groomed. She dealt with her problem in a very 
mature way and quite objectively stating that no 
one else had been able to help her and she was will- 
ing to try psychiatry. It was impossible to find 
any significant emotional problem. Her relationship 
with her mother was excellent. She stated that her 
mother had suffered most from the divorce since 
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she had not remarried and had missed having a hus- 
band and more children. Susan also had a good re- 
lationship with her father and his family and spent 
a lot of time there. She was a successful high school 
student and anticipated college. 

The eneuresis had persisted since early childhood. 
Nothing helped except to be awakened at 1 or 2 
a.m., which was very hard on her mother since both 
were such heavy sleepers that not even two alarm 
clocks would awaken them. The mother had found 
that two glasses of beer for herself before bed time 
would awaken her at the critical time for Susan, 
because of the urge to urinate. It was the difficult 
to get Susan really awake and physicians had ad- 
vised against this dependent relationship. The 
mother had also been a bed wetter until adolescence 
and was a very heavy sleeper. The same had been 
true of her mother and also Susan’s father. 


It also developed that Susan had migraine head- 
aches since early childhood. These occurred espe- 
cially if she attempted to sleep during the day. She 
awoke after a nap with a headache. Although the 
rhythm of the headaches was about once a month, 
when they started they were often relieved by go- 
ing to sleep. They were less severe recently. Their 
true migraine nature had been confirmed by ade- 
quate medical examination. Her father and other 
members of his family also had migraine headaches. 
A relationship between migraine headaches and deep 
sleep has been suggested. 

My diagnosis here was a well adjusted teen age 
girl of good endowment, with a familial pattern of 
deep sleep, eneuresis and migraine headaches. My 
recommendations were based upon the mother’s 
and daughter’s own experiences, namely the mother 
should have her two glasses of beer, the daughter 
two cokes at bed time, two alarms should be set at 
the critical time determined by them. If Susan 
could get herself up, well and good. If she needed 
her mother’s help, this should be given with an ef- 
fort to reduce the mother’s part only after success 
had been achieved. However, I also recommended 
that benzedrine be given to Susan under the super- 
vision of her physician, to reduce the heavy sleeping 
and facilitate establishing a better pattern of re- 
sponse to the urge to urinate. I anticipated that 
since other members of the family controlled their 
eneuresis at this age and since her headaches were 
diminishing, that improvement in all areas would 
be accomplished. 


Both mother and daughter resisted the idea of 
the benzedrine, though I am confident it would 
have made the program easier. However, a six 
months’ follow-up shows that she has wet the bed 
only twice, and those times at home. She has been 
away at camp or visiting her father, etc. Her mi- 
gaine headaches were better, too. She was now con- 
fident of her future as an independent person. 

Case No. 6. Connie, 7, was referred by a private 
progressive school. Their concern was related to 
her poor state of nourishment, a chronic eczema, 
an inadequate home situation with a psychotic 
mother who had abandoned the home. They be- 
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lieved that the child must be disturbed although her 
behavior and school work were better than satis- 
factory. 

Connie was brought by her father, who also car- 
ried in his arms his 312 year old son. It was a 
Negro family, the father a professional man, metic- 
ulously dressed and seriously concerned about his 
children and warmly affectionate to them. 

Connie was light skinned with kinky hair, very 
pretty, beautifully cared for, clean, well dressed 
and well mannered. She was poorly nourished and 
had a scaling itching eczema over large portions of 
her body, areas of which were excoriated. She said 
it was due to orange juice but she never drank it. 
She was obviously intelligent and handled the in- 
terview in a mature fashion. She explained that 
her mother doesn’t live with them and she worries 
that her mother might get into an accident because 
she is sick and can’t take care of herself. Her fa- 
ther takes care of her and her brother and when he 
is at work, the grandmother who lives in another 
building, looks after them. She loves school. She 
was sick a lot when she was a baby with allergies 
and couldn’t eat much because she vomited and her 
eczema got worse. Now she is better. She had 
some bad dreams, mostly about people drowning, 
not exactly her mother. She would like to have a 
new mother and a newborn sister but not a new fa- 
ther—she would like to have her father always. 

This girl showed none of the biological or psycho- 
logical signs of schizophrenia. She was a normal 
girl. I also examined the 31% year old boy and he 
was normal. 

The father discussed his concern over his family 
and what was the right thing to do about his psy- 
chotic wife (unquestionably schizophrenia) who was 
looked after inadequately by her own family. I 
spoke to him as a physician who had been consulted 
about the welfare of his children, indicating that a 
clean break and a new wholesome family circle 
would surely be to their advantage, although I could 
do nothing but commend this father for the way he 
was caring for the children. I assured him the 
children were both normal and that the school was 
perhaps somewhat over-concerned. The little girl 
would benefit from adequate pediatric supervision 
of her diet and care for her eczema, but both con- 
ditions were already improving. 

A follow-up report from the school showed that 
Connie was an increasingly satisfactory pupil in 
this school and showed no disturbed behavior trends. 
Her physical health had improved. The home sit- 
uation, however, had not changed. 

This case is reported to show that not every schiz- 
ophrenic mother has schizophrenic children. But it 
also shows that fathers, once the children are born, 
make good mothers, and this is not limited to one 
ethnic group. 


Summary 
It is my thesis that as a practicing child 
psychiatrist, I have available to me through 
years of experience and acquaintance with 
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the literature on genetics as it is applied to 
deviate behavior and development in chil- 
dren, a body of knowledge that is useful in 
the clinical consultation service to children 
and their families and to consulting pedia- 
tricians, school and social agencies, I think 
that it is contrary to popular belief that the 
application of such genetic and hereditary 
data very often leads to a more conservative 
diagnostic evaluation and a more hopeful 
prognostic prediction. The cases which I 
have quoted illustrate this, This seems to 
have been my most frequent experience in a 
consultation service in this clinic. Undoubt- 
edly, if I scanned my experience in the state 
hospital services for children in New York, 
I could quote many cases in which the op- 
posite would be true. But it is certainly not 
always so. 


It is true that my evaluation of child psy- 
chiatric patients often leads to a more con- 
servative program of treatment than long 
term psychotherapy for the child and its 
family, using instead the guiding care of the 
referring pediatrician, medication when in- 
dicated, or the educational approach of the 
school and other socializing experiences, 
with occasional re-evaluations in this consul- 
tation office. This avoids the over-evalua- 
tion of the content of fantasy by the mother 
and of the anxiety-producing and depend- 
ency relationship to the psychotherapist 
where it is not strongly indicated, and per- 
mits the child a more normal] development in 
the usual school and recreational programs, 
especially where one can anticipate matura- 
tional acceleration. 
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Characteristics of the Behavior of Chronic Psychotics as 


Revealed by Free-Operant Conditioning Methods 


OGDEN R. LINDSLEY, PH.D. 


During the last sixty years experimental psy- 
chology has made great progress in objective be- 
havioral measurement. The most sensitive, ob- 
jective, and sophisticated of these methodological 
developments are those of B. F. Skinner and his 
associates.*:!2:15 These methods are generally de- 
scribed under the term “free-operant condition- 
ing.” The purpose of this research is to attempt 
to modify and make clinically relevant the meth- 
ods of free-operant conditioning in order to pro- 
duce medically useful, objective laboratory meas- 
ures of the psychoses. 


Behavioristic Approach to Psychosis 

The general approach to the analysis of psycho- 
sis that we are using is behavioristic. Naturalistic 
or behavioristic approaches to mental illness are 
rare in psychiatry today, even though the word 
“behavioral” occurs in many titles and programs. 
The behaviorist uses behavior as the final cri- 
terion of behavior and does not resort to men- 
talism or physiologism as his final criterion of 
knowledge or relevance. 

At earlier times, naturalistic approaches? were 
briefly tried by men like Kraepelin,® Pavlov,?° 
and even earlier by our own Benjamin Rush."! 
It is my conviction that early attempts at a be- 
havioristic approach to psychiatry suffered from 
a lack of popular appeal and sound laboratory 
techniques of behavioral measurement. I am 
also convinced that today, even though the ap- 
proach still suffers from popular appeal, meth- 
ods which demonstrate its superiority over in- 
trospective approaches are available. 

Skinner?*14 and Ferster* have discussed some 
of the implications of a behavioral approach to 
psychiatric problems. However, without objec- 
tive data such discussions are at best scientific 
extrapolations, plans or philosophies. The proof 
of the pudding is not the logical nature of the 
plans, but the knowledge and contro! of behav- 
ioral deviation produced by research based upon 
such plans. 

To a behaviorist a psychotic is a person in a 
mental hospital. If psychosis is what makes, or 
has made this person psychotic, then psychosis is 
the behavioral deviation that caused this person 
to be hospitalized, or that is keeping him hos- 
pitalized. Looked at from this point of view, 
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very few psychotics are at this moment behav- 
ing psychotically. Neither is there any assur- 
ance that they will behave psychotically when we 
wish to evaluate or to sample their behavior in a 
brief test conducted at irregular intervals. In 
fact psychosis, defined in terms of the behavior 
that hospitalizes a person, is most often highly 
infrequent. 


Most patients are hospitalized because the time 
of occurrence of their infrequent psychotic epi- 
sodes cannot be predicted. Since the occurrence 
of these episodes cannot be predicted, the patient 
must be continuously hospitalized to insure that 
such episodes do not occur outside of the hospi- 
tal. Also, many currently hospitalized patients 
behave psychotically only when they go home. 
Even though relatively normal in the hospital, 
they continue to be hospitalized because there is 
no safe place to send them. There are other pa- 
tients who once behaved psychotically, but have 
become institutionalized and do not wish to leave 
the hospital, and still others who have no home 
to return to. For these reasons we should not 
expect all the patients in a mental hospital to ex- 
hibit psychotic behavior at any given moment. 


Therefore, a few patients should behave rela- 
tively normally on all behavioral tasks. In fact, 
any behavioral measure that ciearly separates all 
hospitalized psychotics from all unhospitalized 
individuals is merely a correlate of hospitaliza- 
tion and no better a measure of psychosis than 
the absence of hospital keys, neckties. or some 
other side effect of the way we care for psy- 
chotics. 

If we wish to maximize our chances of meas- 
uring psychosis, we should evaluate the behavior 
of patients at the time they are actually doing 
what they are hospitalized for occasionally do- 
ing. This means that we should study our pa- 
tients long enough to capture a psychotic episode 
in one of our experimental observation sessions. 
For, at that moment we would be surely measur- 
ing the behavior of a psychotic at the time he is 
behaving psychotically. This demands that our 
experimental rooms and recording devices must 
be indestructible, so that they will not be ren- 
dered inoperative by the bizarre behavior of any 
patient when he has a psychotic episode. Very 
few of the previously used measurement devices 
are capable of measuring the behavior of pa- 
tients while they are behaving maximally psy- 
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chotic. In this sense the earlier devices are ex- 
tremely limited. 


Selection of Patients and Habitat 


If we wish to investigate a new phenomenon 
we should select the ideal conditions for observ- 
ing it. We shouid maximize its amplitude and 
frequency of occurrence and minimize any 
changes in these properties, whether spontaneous 
or caused by agents other than those we can 
manipulate for investigational purposes. This 
means that the acutely ill psychotic is a poor re- 
search risk. For there is a high probability that 
his psychosis will change in degree or type while 
we are endeavoring to analyze it. Also, the nat- 
ural habitat of the acute psychotic is a dynamic 
environment in which therapy is maximized and 
research design usually destroyed. The admis- 
sions unit is a model of confounded, rather than 
isolated and controlled behavioral variables. 

However, the chronic psychotic has a max- 
imized form of psychosis and the lowest prob- 
ability of spontaneously changing during the 
course of study. Also, the chronic psychotic’s 
natural habitat (the back wards of large state 
hospitals), although far from the research ideal 
of full experimental control, more closely approx- 
imates this research ideal of full control than 
does an admissions ward. Moving chronic pa- 
tients to admissions units or research wards, 
takes them from their natural habitat which re- 
duces the probability that their psychosis will 
remain stable, and places them in an environ- 
ment full of uncontrolled behavioral variables. 

Therefore, in order to maximize our phenom- 
enon and its stability we selected a group of ap- 
proximately 50 chronic psychotics for intensive 
investigation, who would continue to live on the 
back wards in their natural habitat. They were 
hospitalized a median of 18 years, insuring that 
their behavioral deviations were maximum and 
stable. Males were selected to eliminate any be- 
havioral fluctuations that might be correlated 
with menstrual cycles. Patients were selected 
independently of psychiatric diagnosis in order 
to eliminate any theoretical bias, and to approach 
our subject matter with a maximized degree of 
freedom, limited only by our methods of obser- 
vation and creative ability in adopting the meth- 
ods to the measurement of clinically relevant be- 
haviors. The clinical relevance was sought in 
clinical practice and experience, rather than in 
formal theory or diagnosis. 


Research Design 


The research design is frankly Darwinian ra- 
ther than Newtonian. It is our feeling that there 
is not enough experimental data on the behavior 
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of psychotics in finely controlled situations to 
draw exact and meaningful generalizations at 
this time. Since the behavioral properties of 
psychosis are highly individual, each experiment 
must be conducted in such a fashion that each 
patient serves as his own control. We must not 
have to resort to the behavior of any other in- 
dividual in order to determine the significance of 
the effects of any agent upon the behavior of our 
experimental subject. 

The experimental observations are conducted 
in continuous experimental sessions of one or 
more hours duration each week-day, until we 
have exhausted our ability to obtain further im- 
portant experimental information concerning the 
behavioral abilities and symptoms in a given pa- 
tient. Although psychosis is clinically known as 
an oscillating, dynamic process, and patients are 
clinically known to be timid, afraid and nervous 
in novel situations, the majority of previous ex- 
perimental studies of psychosis have investigated 
psychotics in novel situations. It is important 
to remember that we often evaluate a psychotic 
in 15 minutes, a secretary in one month, and an 
executive in one year. It seems to me that we 
might do better by reversing this order—at least 
until we develop reliable and exact methods of 
evaluation. 

In our own research, we have found that the 
behavior of many psychotics is modifiable by 
manipulating properties of the immediate physi- 
cal environment. However, their behavior is so 
slowly modified that experimental manipulation 
and observation must be continued over a period 
of vears in order to disclose such slowly develop- 
ing laws of psychotic behavior. Shorter periods 
of observation would show no lawful modification 
in the patient’s behavior, and lead us to conclude 
that it was not modifiable, and the law of psy- 
chotic behavior would remain hidden. 

Intensive investigation of single psychotics is 
the only way that a number of different behav- 
ioral deficits may be catalogued with respect to 
individual psychotics in attempts to locate and 
define syndromes of behavioral deficits which 
could define sub-types of psychosis. 

The again the currently used therapeutic va- 
riables (tranquilizing drugs, insulin, and psycho- 
therapy) appear to take weeks, months and even 
years to reach their maximum effect. Experi- 
ments must be conducted over a period of years 
in order to provide a continuous measure of the 
effects of such variables on the behavior of in- 
dividual patients. This intensive and continuous 
study of single individuals also permits a com- 
parison of the effects of several different thera- 
peutic agents upon the same individual as the 
experimental case history grows. I know of no 
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other way to adequately control for placebo ef- 
fects without confounding the results with indi- 
vidual variability in reaction. 


Apparatus and Techniques 


The theoretical and historical background and 
the modifications of the method of free-operant 
conditioning for use with chronic psychotics, in- 
cluding its advantages and disadvantages have 
been discussed elsewhere.*:!® In brief, a volunteer 
patient is conducted, or conditioned to approach 
a small six-foot square experimental room. Such 
a room is shown in Figure 1. In this room there 
is only a chair and a manipulandum panel on one 
wall. On the panel is a plunger that can be 
pulled and a small aperture through which small 
objects can be automatically presented. Such a 
controlled environment can be used to measure 
the simplest operant or “volitional” behavior 
known—pulling a plunger for an unconditioned 
reinforcement or reward. 

However, by manipulating the objects or 
events used as reinforcers, a wide variety of dif- 
ferent motivations or “interests” can be studied.’ 
By manipulating the contingencies of these re- 
inforcers upon the plunger-pulling responses, a 
wide variety of discriminations and other behav- 
ioral processes can be studied. For example, with 
such a simple experimental environment, motiva- 
tions ranging from food to social altruism, and 
discriminations ranging from simple visual to 
time estimation and complicated concept forma- 
tion can be studied.® 

By permitting visual communication between 
such rooms (opening windows as shown at the 
sides of the room in Figure 1), social interaction 
from the most primitive facilitation and imita- 
tion to complicated leader-follower relationships 
in cooperation and competition teams can be con- 
trolled and objectively measured.! 

By changing the form of the manipulandum 
or plunger, a wide variety of different response 
topographies ranging from simple manual to 
complex vocal responses can be studied. If the 
manipulandum is carefully designed, peripheral 
response properties (fatigue, frequency limita- 
tion, etc.) can be overcome and will not confound 
the interpretation of the data. 

By making intelligent and creative changes of 
the types described above, and making these one 
at a time so that variables are not confounded, 
the method of free-operant conditioning can be 
modified to the objective and exact measurement 
of behaviors as clinically relevant as vocal hal- 
lucinatory symptoms in chronic psychotics. 

Behavioral Records 


Since the response recorded by the operation 
of the manipulandum is free to occur at any mo- 
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Figure 1. An experimental enclosure for the free- 
operant conditioning of chronic psychotics. The room 
is indestructible and designed to measure the be- 
havior of even extremely disturbed patients while 
they are engaging in psychotic episodes. Any small 
physical object can be automatically presented 
through the aperture on the right as a reinforce- 
ment for pulling the carefully designed plunger on 
the left. The windows at the side can be made 
transparent for the study of social interaction with 
patients in adjoining rooms. 





ment during the experimental session, maximum 
information is obtained if responses are recorded 
as they occur in time. Graphs of the distribu- 
tion of the responses in time are automatically 
made on cumulative response recorders. The op- 
eration of such a recorder is schematically shown 
in Figure 2. The paper is driven under the pen 
at a constant rate. The pen makes one small 
movement up the paper when each response is 
made. In this way a graph of cumulated re- 
sponses plotted against time is automatically pro- 
duced. The slope of the pen tracing gives an 
index of the rate of response. If the slope is 
almost vertical, the rate is high and even. If the 
slope is horizontal, no responses were made. 
Events, such as the presentation of reinforce- 
ments can be marked on the record by a down- 
ward deflection of the pen. After 500 responses 
have been made, the pen is automatically reset 
from the top to the bottom of the paper where 
it is ready to draw another segment of a cumu- 
lative response record. 

Clinical records of the patients’ behavior on 
the wards and in psychiatric and psychological 
evaluations are periodically made in the usual 
manner. Also, the patients can be observed 
within the experimenta! rooms through a hidden 
periscepic system. Important changes in their 
symptoms and other demeanor are written down 
and used for correlation with the operant re- 
sponse records. The non-operant records are 
useful in making plans for developing new mani- 
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Figure 2. Schematic diagram of operation of a 
cumulative response recorder. Described in text. 





pulanda to bring clinically relevant response to- 
pographies out on an electrical switch for auto- 
matic recording and programming. The non-op- 
erant records are also useful for correlation with 
the operant records in demonstrations of the va- 
lidity and meaning of the operant data. 


Characteristics of the Operant Behavior of 
Chronic Psychotics 

The first and most striking characteristic of 
the free-operant behavior of chronic psychotics 
is the extreme degree of behavioral debilitation 
found in the majority of patients. For example, 
approximately 90% of the patients are unable to 
respond normally in the simple situation shown 
in Figure 1. Also surprising is the unpredict- 
ability of the patients’ operant ability from ob- 
servations of the patients’ ward behavior and 
general appearance. Remember, that we are talk- 
ing here of dynamic behavioral ability—the abil- 
ity to develop and to maintain new behavioral 
repertories, as distinguished from the behavioral 
repertoire that a patient may have acquired be- 
fore he became ill. 

For example, Patient No. 48, shown in Figure 
3 has a much greater current behavioral reper- 
toire, but a much lower current behavioral mod- 
ifiiability than Patient No. 46, shown in Figure 
4. The first patient was an acute depressive and 
now is a chronic schizophrenic with an operant 
response rate (candy reinforcement on a 1’VI 
schedule) of zero responses per hour. The sec- 
ond patient has always been a psychotic idiot, 
but he now has an operant response rate of over 
1,000 responses per hour and he can form primi- 
tive counting discriminations. Both patients are 
currently untestable by psychometric procedures. 


I. Low, Erratic Operant Response Rates 


Normal humans and lower organisms respond 
at moderately high (above 800 responses per 
hour) and remarkably even rates of response on 
variable-interval schedules of reinforcement. Fig- 
ure 5 shows six records of normal humans re- 
sponding on that schedule for five-cent coins as 
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reinforcers. Note that although reliable indi- 
vidual differences in rate of response exist, all 
the rates are above 800 responses per hour and 
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Figure 3. Patient No. 48, an acute depressive, who 
has recently been rediagnosed schizophrenic. He has 
been hospitalized during the last six of his 42 years 
and is currently untestable by psychometric tech- 
niques. His operant response rate is zero, but his 
repertoire of personal and social behavior is rela- 
tively high. 
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Figure 4. Patient No. 46, a psychotic idiot, who 
has been hospitalized for 24 of his 29 years. He is 
currently untestable by psychometric methods, but 
has an operant response rate of 1,000 responses per 
hour and primitive ability to form simple discrimi- 
nations. He has almost no socially appropriate be- 
havior. 
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are relatively even. These reliable individual dif- 
ferences in rate of response have not been ex- 
tensively studied, and could probably be related 
to personality differences in preferences for cer- 
tain work tempos. Perhaps they might even be 
related to accident proneness, with the high rate 
person going through doors before he opened 
them, and the low rate person going through 
doors after he had closed them. 

Figure 6 shows six records of chronic psy- 
chotics responding on the variable-interval sched- 
ule for candy reinforcement. Note that the ma- 
jority of the patients respond intermittently. Ap- 
proximately 50% of those patients with a nor- 
mally high number of responses per hour show 
an abnormally high number of pauses in re- 
sponding greater than ten seconds. During these 
pauses patients that have readily observable psy- 
chotic symptoms can be observed displaying these 
symptoms. 

Summarizing the debilities in simple operant 
responding on a one-minute variable interval 
schedule of intermittent reinforcement with 
candy, we find that only 20% of our unselected 
group of 50 chronic psychotics are capable of re- 
sponding at the normal rates above 800 responses 
per hour; 50% of these, or only 10% of the to- 
tal group of patients responded at normally high 
and even rates of response, with no pauses in 
their responding greater than 10 seconds in du- 
ration. 

II. Psychotic Incidents 

We have termed these small pauses in respond- 

ing on a schedule of reinforcement which pro- 
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Figure 5. Cumulative response records for six un- 
hospitalized normal adults, responding on a one- 
minute variable-interval schedule of intermittent 
reinforcement with five-cent coins. Each record is 
of the fifth hour of responding on this schedule. Un- 
der each record is printed the number of the sub- 
ject on the left, and on the right the number of re- 
sponses made during the hour. 
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Figure 6. Cumulative response records for six 


hospitalized adult chronic psychotics, responding on 
a one-minute variabie-interval schedule of intermit- 
tent reinforcement for small assorted pieces of 
candy. Each record is of the fifth hour of respond- 
ing on this schedule. Under each record is printed 
the number of each patient to the left, the most re- 
cent psychiatric diagnosis, and to the right the num- 
ber of responses made during the hour. 
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duces even responding in normals, “psychotic in- 
cidents.”” They have been successfully quantified 
by using, 1) automatic counters which record 
the total number of inter-response times greater 
than ten seconds that occur in each experimental 
session, and 2) automatic time indicators which 
record the total amount of time spent in inter- 
response times greater than ten seconds. These 
two quantities give a record of the number and 
total duration of psychotic incidents within a 
given experimental session. The average dura- 
tion can be computed from the two. These meas- 
ures correlate highly with clinical measures of 
ward behavior, and ward assignment, and with 
the ability to work in hospital industry.° How- 
ever, they do not correlate with psychiatric di- 
agnosis nor with years of hospitalization. There- 
fore they indicate the general degree of psycho- 
sis or psychotic debilitation rather than the pres- 
ence of a particular form of psychosis from 
which a given patient suffers. In other words, 
these measures have the disadvantage of being 
non-specific measures of the different types of 
psychosis, but the distinct advantage of permit- 
ting a direct comparison of the effects of a given 
therapy on the severity of psychosis in several 
different patients with different types of psy- 
chosis. Therefore, the measures are useful in 
the evaluation of therapies on patients with dif- 
ferent types of psychosis, once non-psychotic 
causes of intermittent responding have been ruled 
out. 

Since low, erratic rates of response on vari- 
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able-interval schedules occur in non-psychotic 
individuals under certain unusual conditions, er- 
ratic response rates do not indicate psychosis un- 
less these other potential causes are ruled out. 


_ Low, erratic response rates occur in normal in- 


dividuals when: 1) inappropriate reinforcement 
is used, 2) before the response is fully acquired 
and the experimental situation is still novel, 3) 
when a competing response system is present, 
and 4) in acute physiological illness or under the 
action of certain drugs. These are a difficult, 
but not impossible, set of variables to rule out 
in order to make our measures specific to the 
psychoses. 


In order to further investigate and to rule out 
the possibility of inappropriate reinforcement, 
several different reinforcing stimuli were tried 
Reinforcers 


and female nude pictures, bursts of music, to- 
kens, escape from loud noise, and escape from 
a dark room. Although significant differences 
in rate of response for these different reinforcers 
were found in most of the patients, no patient 
was restored to a normal rate of responding by 
any of these reinforcers. The different rein- 
forcers could be used to develop motivation pro- 
files for diagnostic use, but were not useful in 
providing high, even rates of response for the 
maintenance of behavior for further investiga- 
tion. Therefore, the low rates of response did 
not appear to be due to inappropriate reinforce- 


~ ment. 


To investigate the possibility of slow acquisi- 
tion causing the low, erratic rates of response, 
patients with extremely low rates were held on 
the variable-interval schedule with candy rein- 
forcement for over a year of one hour experi- 
mental sessions each week-day. Only three of 
these patients (approximately 10%) showed a 
The ex- 


/ perimental history of one of these patients is 


| shown in Figure 7. 


Responses per hour are plot- 


' ted in thousands (10-day medians) against ex- 


perimental sessions on the abscissa. The rate of 
response gradually increased from less than 10 
responses per hour to over 6,000 responses per 
hour in 260 hours, or 14 months. When the re- 
sponse was no longer reinforced (extinguished), 
it slowly declined in rate to less than 10 re- 
sponses per hour within 140 experimental hours, 
or 8 months of calendar time. This decrease in 
rate during extinction shows that the rate in- 
crease during reinforcement was produced and 
maintained by the candy reinforcement, and not 
by the patient’s activation, visits to the labora- 
tory, or personal attention in the waiting room 
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Figure 7. Slow acquisition, slow extinction, and . 
immediate re-acquisition of a high rate of plunger- 
pulling reinforced with candy on a 1’ VI schedule in 
a chronic psychotic. Patient No. 36. 





and during the daily physical examination. When 
the responses were again reinforced, the rate im- 
mediately increased to over 4,000 responses per 
hour. This immediate re-acquisition showed that 
a permanent change had been made in the pa- 
tients’ behavior, and that he did not have to go 
through another long drawn-out re-acquisition 
process. 

However, the patients that showed this slow 
acquisition did not develop completely normal 
rates of response. Even though their rates of 
response were well above the lowest normal rate 
of 800 responses per hour, their responding was 
still erratic with an abnormally high number of 
pauses greater than ten seconds in duration. 
These three patients differed from the majority 
of the patients that did not show slow acquisi- 
tion because the manual plunger-pulling response 
mechanically competed with their psychotic 
symptoms which were primarily manual in na- 
ture. In other words, these data suggest that 
slow acquisition of a high rate of response is 
possible in some patients with candy reinforce- 
ment, if a non-symptomatic response is rein- 
forced which mechanically competes with the pa- 
tient’s most characteristic motor symptom. 

Since slow acquisition only occurs with a very 
small number of patients, it is more probably a 
form of restricted occupational therapy, rather 
than a general property of the behavior of 
chronic psychotics. Therefore, the possibility 
that the low rates of response of the majority of 
the patients were due to slow acquisition was 
ruled out. 
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Since each patient was in a finely controlled 
environment during each experimental session, 
the possibility of a competing response system 
as normally conceived can be ruled out as a cause 
of the pauses in responding or psychotic inci- 
dents. The records of the non-psychotie individ- 
uals shown in Figure 5, attest to the fact that 
no stimuli were present in the rooms which would 
produce competing responses in non-psychotic 
individuals. However, our more recent analyses 
strongly suggest that many forms of psychosis 
act as a competing response system does on the 
free-operant behavior of non-psychotics. In other 
words, many psychotics behave similarly to non- 
psychotics who are being intermittently bom- 
barded with behavioral stimuli. 

Our physiological controls (the daily physical 
and weekly laboratory examinations) and thera- 
peutic controls adequately ruie out the possibility 
that acute physiological illness and drug action 
caused the pauses in responding. It is impor- 
tant to note that in careful behavioral investiga- 
tion such physiological controls are absolutely 
necessary in order to attribute any recorded be- 
havioral deviations to other causes. 


III. Psychotic Episodes 

Occasionally certain patients who usually re- 
spond at higher, more even rates of response, 
will have a period of very low, erratic responding 
which lasts for a period of 20 or 30 minutes up 
to several hours. During these periods of low- 
ered response rate, they can be observed display- 
ing hallucinatory, disturbed, destructive, or other 
more extremely psychotic symptoms than they 
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Figure 8. A psychotic incident and episode ap- 
pearing in simultaneous cumulative response rec- 
ords of vocal stresses with psychotic or hallucina- 
tory origin and manual plunger-pulls reinforced 
with candy on a 1’ VI schedule. Manual contacts 
with the plunger are recorded on the event marker 
between the cumulative records. 
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usually display. Psychiatric aides usually say a 
patient “went high” when such episodes occur 
on the wards. It is the unpredictable occurrence 
of such episodes that keeps many chronic pa- 
tients in the hospital, off parole, or on the dis- 
turbed ward. 

Such periods of temporarily lowered response 
rate, and increased duration and/or frequency 





of psychotic incidents, we have termed psychotic | 


episodes. Cumulative response records of a sin- 
gle psychotic incident, and a psychotic episode in 
the behavior of patient No. 7 are shown in Fig- 
ure 8. This figure will be described in more 
detail in a later section of this paper. Here, we 
wish only to point out that such psychotic epi- 


sodes occur, and that they are the truly psychotic © 
behavior which keeps many patients hospitalized, © 
and that they can be automatically and objec- | 
tively recorded. Some drugs, for example Benac- | 
tyzine at high dosages, increase the frequency © 
and duration of psychotic incidents and produce | 
one of these psychotic episodes in many patients. © 


IV. Psychotic Phases 


In the intensive, longitudinal studies several | 
of the patients showed marked rhythms in their © 
These rhythms characteristi- | 
cally occur over relatively long periods of time. | 
For a few weeks the rate of response will be con- | 


rate of response. 


sistently high. Then, for a few weeks or months 


the rate will be consistently low. Then the 


rhythm will repeat. We have called these pe- 
riods of low response rate Psychotic Phases. 
They are not related to temperature, humidity, 


phases of the moon, home visits, or changes in | 
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Figure 9. Psychotic Phases or Rhythms in rate 
of response of a chronic psychotic responding on a 
1’ VI schedule of candy reinforcement. Each experi- 
mental session lasted one hour and was conducted 
on successive week-days. The months of the year 
are printed below the experimental session closest 
to the first of each month to indicate calendar time. 
Patient No. 52. 
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ward assignments or hospital social environment. 
They are related to ratings of the patients’ ward 
behavior until the behavior rating scales lose 
their sensitivity as a result of repeated admin- 
istration. 

An example of these psychotic phases is shown 
in Figure 9. At the start of the experiment the 
patient was hospitalized for 20 years and was 52 
years old. He was first hospitalized at the age 
of 18 and diagnosed as a manic-depressive. The 
diagnosis at admission for his current period of 
hospitalization was dementia praecox, hebe- 
phrenic type. His last hospital diagnosis (in 
1951) was schizophrenia, paranoid type. A cur- 
rent “blind” diagnosis was organic psychosis. 

It is easy to see how long-term hospitalization 
and the loss of social reinforcement could sup- 
press the socially observable behavior of a pa- 
tient to such a low level that such behavioral 
rhythms, which were originally easily observed 
without instrumentation and used to diagnose a 
manic-depressive psychosis, could later only be 
recorded by sensitive, and highly quantified be- 
havioral recording devices. 

It is important to note the havoc that can be 
wrought by including such a patient in a drug 
evaluation study of the type that would run a 30- 
day placebo control while the patient happened 
to be in a psychotic phase, and a 30-day drug run 
when the patient was in his following more nor- 
mal phase. The dru z would be interpreted as 
therapeutic. It is also important to note that 
such patients could be of great value in attempts 
to show physiological or biochemical correlates 
of psychosis. For, here in a single physiological 
system we have a naturally oscillating amount 
of psychosis, which could be correlated with sam- 


| ples of biochemical materials in order to deter- 


mine correlations without confounding the data 


| with inter-patient differences in behavior or 
' chemical quantity. 


” Practical Use of Free-Operant Rate of Response 


in Therapeutic Evaluations 


Although the simple free-operant rate of re- 
sponse on a variable-interval schedule is a non- 
specific laboratory measure of the degree of psy- 
chotic disability, nevertheless, it is more reliable 
and more sensitive to most therapeutic variables 
than other existing evaluative techniques. Here 
I shall present only a few examples of therapeu- 
tic evaluation. We have collected a large number 
of similar evaluations, which clearly demonstrate 
the practical utility of the method in its current 
form in this application. 

Since we are methodologists, we will continue 
to refine and to develop more complicated and 


' more exact measures of the psychoses. It is more 


LINDSLEY—BEHAVIOR REVEALED BY FREE-OPERANT METHODS 73 























3m 
RS 
~S 
a EST RR aed we 
© p-| LOMAS ein ok rete nn —_ 
— 
NS we INSULIN COMAS 
RY : c 
600-4 
= 
ae 
eR 
& 
Y 
R 
= a 
{ ‘ Ly t 3 T T ? 
Q “ Jo 4o 60 60 


20 ge 
EXYPEAIMENTAL Sessiins PF-3 

Figure 10. Effect of Electroshock and Insulin 
Comas on rate of response of an acute psychotic re- 
sponding on a variable-interval schedule for candy 
(solid line) and for succor (feeding milk to a hun- 
gry kitten—dashed line). The electroshocks had 
no effect, and the insulin produced increases in the 
rate of response at the time of the first insulin re- 
actions and comas. Patient No. PF-3. 





efficient if large scale therapeutic evaluations 
using our currently available measures are un- 
dertaken by those trained and equipped for ther- 
apeutic evaluation. Like the lens maker in mi- 
croscopy, we wish to hand our latest lens over 
to the histologist, and get back to our business 
of designing and polishing more powerful lenses. 


I. Electroshock and Insulin Coma 


In Figure 10, the rates of response on a one- 
minute variable-interval schedule of reinforce- 
ment with candy (solid line) and feeding a kit- 
ten, or succor (dashed line) reinforcement are 
plotted against experimental sessions. The pa- 
tient was in an acute psychotic depression and 
undergoing electroshock and insulin coma ther- 
apy. At the top of the graph the crosses mark 
the days in which EST was given in the morn- 
ing before the afternoon experimental session. 
Note that the extremely low rate of response was 
not increased during the EST series. 

At the vertical line, on the 32nd experimental 
session, the insulin treatment was begun. The 
number of units of crystalline insulin that were 
injected each day are plotted in the black curve 
at the top of the graph. Note that there was no 
increase in the operant response rate until the 
first coma occurred when the therapist levelled 
off the dosage of insulin. Note also, that the rate 
of response reinforced by feeding the kitten was 
increased much more than the rate reinforced 
with candy. This shows that the rate increase 
was not caused by a need for sugar increased by 
hypoglycemia, unless succor is also increased by 
hypoglycemia. The major therapeutic effect was 
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produced by the first coma. The rate was also 
increased after the next ten insulin comas, but 
returned to the pretherapy level for the remain- 
der of the treatment. 


Monitoring courses of insulin therapy with 
operant response rates might prove to be useful 
in individualizing insulin treatment by providing 
an exact measure of the degree of therapy pro- 
duced by each coma. The therapist would then 
have the information necessary to give the comas 
at intervals designed to produce the maximum 
therapeutic effect in each patient. 


II. Iproniazid 


In Figure 11, the rates of response on a one- 
minute variable-interval schedule of reinforce- 
ment are plotted against experimental sessions 
for a regressed chronic psychotic, patient No. 4; 
700 daily hour-long experimental sessions are 
shown in the graph. During the first 200 ses- 
sions, female nude pictures, feeding a kitten, five- 
cent coins and candy were used in attempts to 
determine the most appropriate reinforcer for 
this patient. From the 200th session on, candy 
was used as the reinforcer. Note periods of 
“spontaneous” increases in rate of response 
around the 250th, 280th, 310th, 340th, and 460th 
sessions. 

On the 535th session 50 mg. t.i.d. of iproniazid 
(Marsilid) was administered for four weeks with 
no therapeutic effect. On the 545th session, the 
dosage was increased to 100 mg. t.i.d. and a 
slight rate increase was produced and sustained 
for a few days. However this increase was of 
no greater amplitude than the previously re- 
corded “spontaneous” increases. About three 
weeks after the rate had declined, there was an- 
other temporary rate increase of a much greater 
magnitude than was found in any previous “spon- 
taneous” increase. After six weeks of 100 mg. 
t.i.d. iproniazid administration liver damage be- 
gan to develop and the medication was termi- 
nated. 

From about the 640th through the 660th ses- 
sion another “spontaneous” rate increase oc- 
curred in which the rate went up to 1,500 re- 
sponses per hour. 

In summary, the iproniazid given in the heav- 
iest dosages that were medically feasible, ap- 
peared to produce only two “recovery cycles” in 
this chronic patient. The recovery cycles are 
only significant because of their timing with re- 
spect to the change in dosage of the drug. In 
terms of therapeutic significance, the “recovery” 
is not significant, for it was not maintained dur- 
ing or after the drug administration, and it was 
of no greater magnitude than the several “spon- 
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Figure 11, Experimental history of a chronic psy- 
chotic responding on a variable-interval schedule for 
various reinforcers (FN—Female Nude Pictures, 
FK—Feeding a Hungry Kitten, EXT—Extinction, 
5c—five cent coins, and CAN—penny pieces of 
candy). The history covers a period of five years 
and seven months of almost daily experimentation 
and reveals severely depressed operant behavior 
with several ‘‘spontaneous” recovery phases of ex- 
tremely low magnitude in addition to an initial, but 
not sustained, therapeutic effect of iproniazid medi- 
cation. Patient No. P-4. 





taneous” improvement periods in the patient’s 
experimental history. 


III, Student-Nurse Psychotherapy 

In Figure 12, the experimental case history of 
patient No. 4 is continued. At the first arrow, 
psychotherapy sessions with a student nurse 
were begun. Psychotherapy sessions lasted one 
hour and they were held on Mondays, Wednes- 
days and Fridays. At the second arrow, the pa- 
tient stopped swearing during the therapy ses- 
sions. The nurse became a little irritated be- 
cause the patient was inattentive and mumbled 
a lot during the therapy sessions. At the third 
arrow she told the patient to stop listening to 
his voices. “They are only part of your illness 
and you should not pay attention to them.” By 
the third experimental session immediately fol- 
lowing this therapeutic session the rate of re- 
sponse had climbed to over 2,000 responses per 
hour. Responding was maintained at this high 
rate, even on the two days of each week that the 
nurse did not see the patient. 

At the fourth arrow, the nurse told the patient 





Gc batinnatblal  caeBbieto oea A RAP 











2. ae ee ee ee eee ee eee 


a Rh 65 Ms RH 2. oS Oe 


i ie 


5s ores ow OH Fe 





Psat Ni 


























1960 
PSYCHO THERAPY 
JF Moves pre Weex-— 
. J 
> : : £ 
N $ § « 
.*) r & | 
s 
K wJ 8 : 
2 ' : g 
. z 2 
£ 3+ ts | 
u e 
w 2-+ 
; | 
hs ‘4 | 
2. | ' } 
f T T “T T T “T 
660 680 700 720 7¥0 760 2f0 
EXPERIMENTAL SESSIONS PrP 


Figure 12. Effect of psychotherapy sessions on 
operant rate of response of a chronic psychotic. The 
graph is a continuation of experimental history 
shown in Figure 11, using same size ordinate and 
abscissa scales. A student nurse conducted the one- 
hour therapy sessions three times a week. The ef- 
fect of the psychotherapy was six times greater than 
that produced by 100 mg. t.i.d. iproniazid given for 
six weeks, and three times greater than the high- 
est “spontaneous” improvement cycle in the pa- 
tient’s six-year experimental history. Patient No. 
P-4. 
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that after two weeks she could no longer see him. 
The rate of response jumped up about another 
2,000 responses per hour immediately after this 
information was given the patient, and then 
abruptly fell to zero responses per hour. At the 
fifth arrow the nurse left the hospital and the 
therapy was terminated. 

The rate increase which occurred during the 


_ psychotherapy was abrupt in onset and termi- 
, nation, in contrast to the gradually onsetting rate 








» mental observation. 


increases which were “spontaneously” and drug 
produced. This fact taken together with the 
close timing of the recovery with relevant psy- 
chotherapeutic variables, leaves little doubt that 
the recovery was produced by the nurse’s visits. 
This was the highest rate of response emitted 
by the patient in over four years of daily experi- 
Therefore, the effect has 
high statistical significance and cannot be at- 
tributed to chance. However, since the patient 
was by no means “normalized,” and since the re- 
covery was not maintained after termination of 
the therapy, the psychotherapeutic sessions had 
only a relatively weak and supportive effect. In 
this respect their therapeutic significance was 
relatively low, even though greater than that 
produced by iproniazid. 

Nevertheless, quantified, objective measures of 
the effect of single psychotherapeutic sessions on 
the behavior of chronic psychotics are scarce, and 
this effect is highly significant from that point 
of view. In cooperation with Dr. Jack R. Ewalt 
we have plans to continue the, investigations of 
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psychotherapeutic effects using more highly 
trained therapists. The method shows promise 
as a device for accurately calibrating the effect 
of single therapeutic sessions. Such sensitive 
calibrations of the effects of single therapeutic 
sessions will permit the therapist to determine, 
by single manipulation which variables in the 
sessions were active. In this way a true expert- 
mental analysis of psychotherapy can be under- 
taken, and the functional aspects of psychother- 
apy can be proven by the methods of natural 
science in the laboratory. 

In summary, three hours per week of psycho- 
therapy conducted by a student nurse produced 
an increase in the rate of operant responding of 
this chronic psychotic that was three times that 
of any “spontaneous” improvement recorded in 
over three years of daily behavioral measure- 
ment, and that was six times the improvement 
produced by 100 mg. t.i.d. of iproniazid admin- 
istered for six weeks. 


Specific Characteristics of Psychotic Behavior 


More complicated behavioral processes are de- 
bilitated by fewer agents than the rate of a sim- 
ple operant response. For this reason debilities 
in these more complicated behaviors more spe- 
cifically indicate the presence of psychosis and 
the type of psychosis than do debilities in the 
simple rate of response. However, in order to 
determine debilities in more complicated behav- 
ior, the scientist needs enough behavior to study. 
Only about 50% of the chronic patients have 
useful rates of response above 100 responses per 
hour, so specific debilities cannot be determined 
in the other 50% of the patients who are ex- 
tremely debilitated. 

Due to our lack of time, I will only briefly 
summarize the more complicated, and hence more 
specific behavioral characteristics of the psy- 
choses that we have located to date. The ma- 
jority of the patients have extremely slow extinc- 
tion processes. We have located one patient in 
which there appears to be a complete lack of ex- 
tinction. In counting discriminations as meas- 
ured on fixed-ratio schedules of reinforcement, 
approximately 50% of the patients have deficits. 
In more complicated discriminations based upon 
differential responding to two manipulanda and 
two lights, 90% of the patients show deficits. 
These discriminatory deficits have diagnostic 
utility in separating seniles and true mental de- 
fectives from the social mental defectives. 


Simultaneous Recording of Vocal Symptoms and 
Non-Symptomatic Responses 


Visual observation of patients through the hid- 
den periscopic viewing system has shown that 
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most patients with abnormally long pauses in 
their operant responding engage in their partic- 
ular individualistic symptoms during these 
pauses. The development of keys or switches to 
automatically and electrically record the occur- 
rence of these symptoms would facilitate their 
further analysis. 

Simultaneously recorded cumulative records of 
both the psychotic symptoms and the reinforced 
operant responses would permit an exact and ob- 
jective analysis of their competition. Such si- 
multaneous records would also permit an objec- 
tive search for sympto-specific drugs which 
should decrease the frequency of symptoms with- 
out decreasing the frequency of reinforced oper- 
ant, normal, or non-symptomatic behavior. 

Also, the symptom key could be used to auto- 
matically schedule the presentation of environ- 
mental stimuli contingent upon the psychotic 
symptoms. The differential reinforcement of 
symptomatic responses would show whether they 
are or are not affected by environmental changes 
in the same way as are non-symptomatic re- 
sponses. 

In Figure 8 simultaneously recorded cumula- 
tive records of vocal stresses and manual plunger- 
pulls are shown for the 747th experimental ses- 
sion with a chronic psychotic patient. The vocal 
responses were never experimentally reinforced 
and can be considered to have a psychotic origin. 
Their content was identical with that in the vo- 
cal behavior of the patient whenever he “went 
high” on the wards. 

Patient No. 7 is male, 58 years old and he has 
been continuously hospitalized for 29 years. His 
experimental behavior has been under study for 
five years. Admitted in 1930 at the age of 29 
he was diagnosed dementia praecox, paranoid 
type. The recent “blind” diagnoses were simple 
schizophrenia (by the clinical psychologist), and 
schizophrenia, mixed (by the psychiatrist). His 
recent Wechsler-Bellevue I.Q. was 60 and he 
scored in the 3rd percentile on the Hospital Ad- 
justment Scale and lives on a locked ward. His 
personality picture is “that of a withdrawn, col- 
orless patient who shows little evidence of act- 
ing-out and whose general defense is that of com- 
pulsivity in terms of wanting a fixed routine, his 
own things, and to be left alone.”’ He is very un- 
tidy, but not incontinent. He collects worthless 
objects and eats cigarette butts. He cleans the 
hospital basement floors but needs almost con- 
stant supervision. He is a good worker unless 
provoked, when he has tantrums and runs about, 
yelling, biting his fists, and pounding the walls. 
He behaved in this fashion during the psychotic 
episode shown in Figure 8, and it is this behavior 
which keeps him on a locked ward. 
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Consider Figure 8 and note the exact nature 
of the functional competition between the pa- 
tient’s vocal symptoms and his manual operant 
responses. The manual responses were rein- 
forced on a 1’ VI schedule with candy. The rate 
of reinforced manual non-symptomatic responses 
was reduced about 75% for two periods by com- 
petition from a moderate rate of never-reinforced 
vocal symptomatic responses. 

The first period of symptom display and re- 
duced rate of normal or non-symptomatic behav- 
ior lasted only about one minute and might be 
properly called a “psychotic incident.” The sec- 
ond period lasted about 20 minutes and appears 
to be composed of a long series of psychotic in- 
cidents. 
play are often called “psychotic episodes.” 


Note that in the psychotic episode the vocal | 
symptoms began about two minutes before the | 
manual response rate dropped. This delay in the | 
reduction of the non-symptomatic responding by 
the symptomatic responding shows that the com- | 
petitive effect of the symptoms takes a minute | 
or two to build up. The delay also demonstrates | 





Such sustained periods of psychotic dis- | 
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the physical independence of the two responses | 


and their recording systems. 


Note also that at the end of the episode there | 


was a period of about two minutes with no vocal 
responding before the non-symptomatic responses 
returned to their pre-incident rate. This delay 


in the recovery of the non-symptomatic respond- | 


ing shows that the competitive effect of the 
symptoms lasts longer than their display. These 
delays in onset and recovery of the competitive 
effect of the symptoms suggest that the compe- 
tition is a higher-order behavioral effect than 
the symptom. The delays also show that symp- 
toms can occur without the competition. 

Note also that a relatively even rate of vocal 
symptoms and manual responses was maintained 
throughout the episode. These even episodic 
rates indicated that the severity of the psychotic 
episode and its competition with the normal be- 
havior was maintained at about the same inten- 
sity throughout. 

Also shown in Figure 8 is a record of the time 
that the patient’s hand was in contact with the 
manipulandum (plunger contacts). The contacts 
were recorded by a capacitative relay circuit. The 
event pen on one recorder was in the “up” posi- 
tion whenever the patient’s hand was on the 
manipulandum. Note that the patient usually 
took his hand off the manipulandum when a re- 
inforcement was delivered. At this time he placed 
the candy in a paper bag that he carried. But 
also note that his hand was off the manipulan- 
dum during the psychotic incident and much of 





nr =~ - Ae nak 2 ak 6 eC CO 


xy, =~ =e A He A w* Ow, 


—> © se © 








1960 


the time during the psychotic episode. This rec- 
ord of contacts shows that the symptomatic vo- 
calizations not only compete with the recorded 
manual responding, but also compete with non- 
recorded responses necessary to the performance 
of the recorded responses. 


In summary, a voice key to automatically re- 
cord the competition between symptomatic vo- 
calizations and the normal non-symptomatic be- 
havior of patients within an experimental set- 
ting was developed. Its use has clearly shown 
that the pauses in the operant responding of pa- 
tients with vocal hallucinatory symptoms are due 
to functional competition from these symptoms. 
The opportunity to record the exact nature of 
this competition will be useful in further re- 
search into the basic nature of psychosis. Ob- 
jective recording of these vocal symptoms and 
their competitive effect will also be useful in the 
evaluation of therapeutic agents. Such a high 
degree of exactitude in the observation of the 


| competition between the psychotic symptoms and 


normal behavior of a patient can be obtained by 
no other currently available psychiatric research 
device. 


Functional Definition of a Psychosis 


In order to show that Darwinian, naturalistic 
observations can lead to what might be called 
theories, lastly I shall present a way of defining 
a certain type of psychosis. This definition is 
functional because it describes the psychosis in 
terms of its effects on and interaction with non- 
psychotic behavior. 


This notion is a direct outgrowth of the simul- 
taneous measurement of symptomatic and non- 
symptomatic behavior described in the last sec- 
tion. When normal individuals are placed in this 
two-channel recording situation the only vocal 
responses they emit, when alone and being rein- 
forced for their manual responses, are occasional 
bursts of singing and whistling. This singing 
and whistling can be readily separated from 
most psychotic hallucinating by the pattern of 
response emission which is regular for singing 
and whistling, and irregular for one-sided con- 
versations with no one. Also, the singing and 
whistling does not compete with, but rather 
seems to “pace” along with the plunger-pulling 
responses. 

However, if non-psychotic individuals are given 
an hallucinogenic drug (i.e., Benactyzine in high 
dosages) and their name is called over a hidden 
microphone, they will carry on a “psychotic-like” 
one sided conversation with no one. When ques- 
tioned afterwards they report having had audi- 
tory hallucinations. The interesting fact is that 
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the drug-induced vocal hallucinatory symptoms 
in the non-psychotics do not compete with their 
plunger-pulling responses. The non-psychotics 
pull the plunger for nickels without reduction in 
rate through their hallucinatory episode. 


Also, the non-psychotics do not hallucinate for 
as long a period after their name is called over 
the hidden speaker as do the psychotics. The 
after-discharge of the drug-induced and experi- 
mentally stimulated hallucinatory episodes in the 
non-psychotic is much longer than the after-dis- 
charge of the “spontaneous,” or experimentally 
stimulated hallucinatory episodes in the psy- 
chotic. 

To date we have run very few psychotic and 
non-psychotic subjects under these conditions, 
but the data collected are amazingly uniform. 
Therefore we tentatively venture the hypothesis 
that one property of one form of psychosis is 
that its symptoms have an abnormally long after- 
discharge and an abnormally high degree of com- 
petition with strongly reinforced non-symptom- 
atic behavior. In other words, it is not the 
symptom (talking to no one) that defines this 
form of psychosis. Neither is it the stimulus 
that produced the symptom (“hearing” your 
name called when no one is there) that defines 
the psychosis. Rather, it is having the symp- 
tomatic response (talking to no one) last long 
after a non-psychotic would stop, and more im- 
portantly being unable to do anything else de- 
manded of him while this talking is going on, 
that defines the psychotic. 

I think this definition of psychotic symptoms 
has a lot of clinical relevance. We are all fa- 
miliar with the old lady walking down the street, 
obeying traffic signals, nodding and occasionally 
speaking to friends along the way. She is not 
hospitalized as a psychotic, because she is walk- 
ing down the street and only talks to some one 
when there is nothing else to do with her mouth. 
She just “talks to herself.” 

And again, if a person goes to a psychiatrist 
and says, “I worry all the time, I think I am go- 
ing to die, please help me.” The psychiatrist will 
probably ask, “Do you sleep well? Do you eat 
well? Are you getting your work done?” If the 
answers to all of these questions are honestly in 
the affirmative, the patient is not diagnosed as 
psychotic and hospitalized. Rather he is classi- 
fied as an interesting and compensated neurotic. 
On the other hand, if a man is located who has 
been talking to no one in a closet for three days, 
and has done nothing else, he stands a high 
probability of being immediately hospitalized if 
he won’t even stop talking to his “friend” for the 
police. 
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Summary 


Much of what we have learned from our care- 
fully controlled experiments appears in retro- 
spect to be composed of things that skilled, expe- 
rienced clinicians “knew” all the time. But, that 
is as it should be, for the business of science is 
to separate the wisdom of casual and field ob- 
servation from its superstition, and then to quan- 
tify and to make this wisdom practically useful. 
For the first time we have brought a few facts 
of psychosis intu the body of natural science. In 
so doing much of what we have brought in looks 
just as the clinicians always said it did. But 
remember that we now have the advantage of 
measuring these things automatically in the lab- 
oratory. And also remember that we have left 
many things that clinicians say in the clinic. 
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Adrenaline Metabolites and Schizophrenia 


ABRAM HOFFER, PH.D., M.D. 


Introduction 


Every hypothesis tends to be overvalued 
by its proponents and undervalued by its 
critics. Proponents of the hypothesis must 
present the evidence which leads them to be- 
lieve it is useful, They know however that 
its utility depends upon its falsifiability, i.e. 
upon its testability. It is thus essential every 
now and then for orginators of hypotheses 


| to take stock of their position and to inquire 


| whether the hypothesis still remains testable 


LGR one lr cent ead RAL erie Reb 


or has it become sanctified. 


Psychiatry also must re-examine its ‘“‘con- 
ventional wisdom.” According to Galbraith 
any person who questions conventional wis- 
dom may appear as an angry young man. In 
connection with my discussion I have slightly 
paraphrased a paragraph from Galbraith’s 
(1959) recent book, ‘The Affluent Society.” 


This is: 

“No one, I hope, will think this is an angry work. 
Some may think it lacking in that beguiling mod- 
esty which is so much in fashion in social com- 
ment. The reader will soon discover that I think 
very little of certain of the central ideas of modern 


| psychiatry. But I do think a great deal of the men 
' who originated them. The shortcomings of psy- 


' lescence. 


chiatry are not original error but uncorrected obso- 
The obsolescence has occurred because 
what is convenient has become sacrosanct. Anyone 
who attacks such ideas must seem a trifle self- 
confident and even aggressive. Yet I trust that 
judgment will not be too hasty. The man who makes 
his entry by leaning against an infirm door gets an 
unjustified reputation for violence. Something is 
to be attributed to the poor state of the door.” 


The adrenaline metabolite hypothesis of 
schizophrenia was developed by my col- 
leagues and myself in England and in Sas- 
katchewan. We believe it is a good hypoth- 


| esis but we do not know whether it is really 





true. It has provided us, and we hope oth- 
ers, with direction. It also meets Karl Pop- 
per’s (1959) criterion of falsifiability—the 
hypothesis can be proved wrong if indeed it 
is wrong. Recently Benjamin (1958) and 
Kety (1958) examined some of the evidence 
presented in the literature and concluded 
that the hypothesis was not confirmed. I 


therefore propose to examine this claim in 
some detail so that we may judge what is the 
present state of corroboration of the adreno- 
chrome hypothesis of schizophrenia. 

Before I outline the development of the 
hypothesis, I should emphasize something 
that has been basic to our thoughts, There 
are two sorts of psychotomimetic chemicals: 
(a) those that come from plants, like mes- 
caline, lysergic acid diethylamide, harmine 
and psilocybin, and (b) those that come from 
animals, like adrenolutin, adrenochrome and 
perhaps some tryptophane derivatives re- 
lated to serotonin. Since we are researching 
schizophrenia—an animal disease—it seemed 
obvious that animal psychotomimetics are 
intrinsically more interesting than plant 
psychotomimetics. LSD provided a method 
for producing altered psychological states 
which to some degree duplicated schizophre- 
nia but this was only a marker to point to 
the possible animal] hallucinogens. 


Development of the 
Adrenochrome Hypothesis 


In 1950 Osmond and Smythies examined 
the relationship between the experience suf- 
fered by schizophrenic patients and that in- 
duced in volunteers by mescaline. Inasmuch 
as mescaline is similar in chemical structure 
to adrenaline, they proposed (1952) that the 
schizophrenic contained a chemical similar in 
structure to adrenaline and in psychological 
properties to mescaline or an M substance. 
They thought that this might be a methoxy 
derivative of adrenaline. Armstrong and 
McMillan (1957), the group at N.I.M.H., and 
others have recently found that adrenaline 
is indeed methoxylated in the body. 

Since 1952, Dr. Osmond and I have devel- 
oped the adrenochrome hypothesis. We knew 
that an hypothesis must be founded upon 
both psychiatric and biochemical fact. The 
psychoanalytic doctrines are samples of psy- 
chological hypotheses completely divorced 
from biochemical fact whereas the serotonin 
idea had little relevance to what we know 
as clinicians about schizophrenia. In com- 
mon with Heath’s (1959) recent observa- 
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tions, we did not wish to commit either er- 
ror. 

There is much disagreement about schiz- 
ophrenia but certain findings are so well cor- 
roborated there is little doubt they are cor- 
rect. These are (1) that there is a powerful 
genetic factor as shown by Kallman’s (1953) 
twin studies, (2) that it is transcultural, i.e., 
all nations and cultures have schizophrenia, 
and (3) that anxiety is injurious to schizo- 
phrenic patients. 

The hypothesis must deal with these mini- 
mal statements. We therefore suggested 
that the basic defect in schizophrenia was a 
disorder of adrenaline metabolism leading to 
an excess of adrenochrome or similar indoles. 
An enzymatic defect could account for the 
pile-up of adrenochrome or its metabolites. 
Other well known genetic illnesses have en- 
zyme abnormalities. Anxiety could increase 
the quantity of adrenaline and lead to an in- 
crease in adrenochrome. In addition, adreno- 
chrome, an indole, could form adrenolutin, 
another indole. Both appear to be members 
of the class of psychotomimetics as are psi- 
locybin, mescaline, etc. 

Since our first reports in 1952 and 1954, 
the history of the adrenochrome hypothesis 
has been interesting, if not soothing to its 
originators. Rinkel, Hyde and Solomon 
(1954) soon showed that adrenochrome 
semicarbazide, a stable derivative of adre- 
nochrome, did not produce psychological 
changes in some volunteers. This substance 
called adrenoxyl does not influence the spi- 
der web pattern, Witt (1954) .This finding by 
Rinkel et al does not bear upon our hypothe- 
Sis since the semicarbazone is not adreno- 
chrome, Neither is it hydrolyzed in the body. 
It is by itself an interesting finding which 
has not been denied nor corroborated. 

Shortly after, authors began to refer to 
unpublished observations that adrenochrome 
was not psychotomimetic and that the adre- 
nochrome hypothesis was unconfirmed. These 
observations, if published, would have been 
very helpful to us in determining whether 
the response to adrenochrome was depend- 
ent upon variables which can be controlled. 
But even today there is not a single publica- 
tion giving the details of negative results. 

Of course, there were many difficulties in 
doing research with adrenochrome before 
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1958. It was an unstable, amorphous red 
powder which quickly decomposed even if 


stored cold. It contained large quantities of [ 


silver ions, of adrenolutin and other indoles. 
Understandably, it was not available com- 
mercially. It is now much simpler to work 
with these substances since Heacock, Neren- 
berg and Payza (1958) working in our lab- 


oratories synthesized a crystalline and purer — 


adrenochrome which is stable. Heacock and 


Mahon (1958) also published the synthesis — 


of adrenolutin which is pure and stable. 


In spite of the absence of adequate falsi- | 
fying data, it is claimed the adrenochrome ) 
hypothesis is unconfirmed. It is implied this | 
This | 
type of generalization is most unconvincing © 
since it is not clearly spelled out what por- 
tion of it is not confirmed. Observations may ~ 


is due to definite negative evidence. 


remain unconfirmed because (1) no one has 


repeated the work, (2) the attempts to con- | 
firm it have been cursory, and (3) serious | 


attempts have failed. 


TABLE I 


Statements Subsidiary to the Adrenochrome © 


Hypothesis of Schizophrenia 


1. Adrenochrome and adrenolutin are psychotomi- | 


metic. 
1. In animals 
2. In man 


2. Adrenochrome and adrenolutin are metabolites of 


adrenaline. 


3. Adrenochrome metabolism is disturbed in schizo- 7 


phrenia. 


In Table I are listed some testable state- | 
ments which are derived from the adreno- | 
Many such statements | 
are possible but these are minimal in that all | 
must be corroborated before the hypothesis | 


chrome hypothesis. 


can be said to have passed the law of sur- 
vival of the fittest amongst hypotheses. Crit- 
ics must state which of these statements 
have been falsified and in what manner. 


1. Are Adrenochrome and Adrenolution 
Psychotomimetic ? 


There is no doubt that adrenochrome in- 
duces many changes in behavior in animals. 
The type of change depends upon the animal, 
the quantity of chemical, the route of ad- 
ministration and the method of investigation. 

The first corroboration of adrenochromes 
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psychotomimetic activity came from the 
Mayo Research Foundation. Schwarz, Wa- 
kim, Bickford and Lichtenheld (1956) placed 
adrenochrome and adrenolutin made in Sas- 
katchewan in the ventricles of cats. These 
animals had permanent canula leading into 
the third ventricle and permanent electrodes 
buried deep in the brain. They tested LSD, 


| mescaline, adrenochrome, adrenolutin and er- 


. |) changes in rat behavior. 


» Brande and Sohler (1959) reported that 





gotamine. In the quantities used mescaline, 
adrenochrome and adrenolutin produced 
marked changes in behavior as well as in 
the depth EEG recording. They described 
their cats as being in a trance for up to 24 
hours but with normal reflexes and orien- 
tation, etc. Fifteen micrograms of LSD or 
15 per cent of the usual adult human dose 
produced rather mild changes whereas 1 mg. 
of adrenochrome or 2 per cent of a 50 mg. 
dose which we have found effective for hu- 
mans produced marked changes. 

Since then, Rice and McColl (1957) and 
Sherwood (1957) demonstrated similar 
changes in behavior. Sherwood used crys- 


| talline authentic adrenochrome prepared by 
) us. . 


Eade (1954) had originally observed 


Recently Noval, 


) crystalline adrenochrome markedly altered 
; | rat behavior. 
" |) Noval the rats were ill for about one hour 
_ after the injection but for many hours there- 


In a recent demonstration by 


| after they were physically well but psycho- 


| logically quite unusual. 


They were indiffer- 


| ent, had little interest in their environment 
, and allowed themselves to be placed in un- 
_ usual positions which they maintained for 
» many minutes. 


Monkeys required large quantities of 
adrenolutin before they were altered. | Me- 
lander and Martens (1958).] Heath (1959) 
reported that his animals were affected by 


_adrenolutin only after pretreatment with 





KABI 888, a substance which also potenti- 
ated the action of taraxein, 

We found that adrenochrome and adreno- 
lutin markedly altered pigeon behavior. 
[Wojcicki and Hoffer (1958) and Wojcicki 
(1959).] Homing pigeons knew how to fly 
home but had to be chased there. Nesting 
females refused to brood for two days after 
one injection but then began to set upon 
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their cold eggs. They were not jealous of 
their mates. Male pigeons lost their proud 
cooing and strutting and with apparent in- 
difference allowed strange males to enter 
their cages. 

Spiders also are altered by these com- 
pounds. The behavior, as shown by the ar- 
chitecture of the web, was different. Witt 
(1954) found that LSD made the spiders 
obsessive, i.e. the angles in the web were 
more uniform, Mescaline made them sloppy 
but adrenochrome made them quite psy- 
chotic. The web became greatly disorgan- 
ized. Recently Bercel (1959) has reported 
that schizophrenic serum produced the same 
web pattern changes as did adrenochrome in 
Witt’s experiments. 

Although it would be surprising if an ani- 
mal psychotomimetic were inactive in man, 
it is theoretically possible. Nevertheless, 
the corroboration of the psychotomimetic 
properties of adrenochrome and adrenolutin 
is not as convincing in man. This is not due 
to the publication of falsifying evidence but 
to unpublished experiments. On the con- 
trary, there have been two confirmatory 
reports. Schwarz, Sem-Jacobsen and Peter- 
sen (1956) reported that intravenous adre- 
nochrome produces changes in behavior and 
in depth electrograms in three patients. One 
epileptic became relaxed and drowsy. One 
schizophrenic showed loosening of associa- 
tions and an increase in body image dis- 
turbances. The other schizophrenic experi- 
enced cataplexy twice which persisted more 
than 30 minutes, At these times his arms 
were held in unnatural positions which vol- 
unteers who were controls could not main- 
tain for long and was not his usual reaction. 
A similar state did not develop after mes- 
caline or LSD. 

Taubmann and Jantz (1957) also found 
that adrenochrome produced psychological 
changes in volunteers which they believed 
was a toxic psychosis. Two milligrams of 
adrenochrome were given sublingually. Psy- 
chic changes occurred within 10 minutes 
which varied for person and time. Marked 
visual changes occurred. These included a 
change in the colors of objects which ap- 
peared strange. Their perception of their 
own bodies was distorted. Far objects ap- 
peared too close and movement was observed 
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in stationary objects. They observed no 
thought disorder and no change in conscious- 
ness. They believed that a substance derived 
from the adrenochrome was the active sub- 
stance. 

Our more recent studies with authentic 
crystalline adrenochrome and adrenolutin 
show they are active and that activity is not 
due to contaminants. The type of response 
depends upon (1) the route of administra- 
tion and dose, (2) on the kind of adreno- 
chrome, (3) on the subject and setting and 
(4) on the investigator and his experience 
with hallucinogenic compounds. 


The Dose and Route 


Adrenochrome has been given subcutane- 
ously, intravenously and sublingually and by 
aerosol inhalation. Adrenolutin has been 
used intravenously and orally. The intrave- 
nous route requires the largest dose per sub- 
ject, perhaps 50 mg. or more. The sub- 
lingual route requires perhaps 10 mg. while 
the inhalant route will allow about 2 mg. 
or less to produce a psychological response. 
We do not know the reason for these differ- 
ences. They undoubtedly depend upon the 
physical chemistry of blood. You may recall 
that the response to inhalant adrenaline is 
quite different than it is to injected adrena- 
line. 


The Kind of Adrenochrome 
and Adrenolutin 


Inasmuch as adrenaline may be either dex- 
tro or levo rotary, adrenochrome may exist 
as the same isomers, and also be a mixture 
of both. There is only one adrenolutin. Our 
evidence is that the adrenochrome made 
from dextro adrenaline is more active psy- 
chologically than adrenochrome made from 
levo adrenaline. I have taken sublingually 
3 mg. of adrenochrome made from dextro 
adrenaline and experienced visual changes 
for over 24 hours. These were subtle changes 
in clarity of vision and in depth perception. 
The same amount of the other isomer was 
not active. 


The Subject 


It would be odd indeed if every subject 
given adrenochrome showed the same reac- 
tion. This does not happen even with LSD. 
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We have seen several subjects who showed 
no psychological reaction to 400 micrograms 
of LSD beyond some increase in tension, The 
psychological activity of adrenochrome de- 
pends upon its concentration in plasma. This 
in turn depends upon the rate at which tis- 
sues will clear adrenochrome from the 
plasma. The red cells take up adrenochrome 
from plasma, as they do adrenaline. This 
eccurs more rapidly in depressed patients 
(not schizophrenic). 

The response to injection of intravenous 
adrenochrome therefore depends upon the 
amount of adrenochrome in the plasma 
which in turn will be less if red cells are par- 
ticularly avid for it or if it is injected very 
slowly. LSD increases the quantity of adre- 
nochrome in plasma and decreases the abil- 
ity of red cells to bind adrenochrome. When 


volunteers were given 35 micrograms of | 


LSD two hours in advance of the adreno- 
chrome tolerance test, there was a marked 
decrease in the ability of red cells to take in 
the adrenochrome. The plasma levels were 
much higher one hour after the injection. 
The psychological response to adrenochrome 
was markedly potentiated. 


Physiological differences are thus impor- 
tant in determining response. It seems likely 
that alcoholic and other addicts are not good 
subjects for experimentation with adreno- 
chrome for this reason, Psychological dif- 
ferences are equally important in determin- 
ing response. For if one wishes to measure 
changes in thinking it seems obvious that 
one should use subjects who normally are 
able to think. We have used very intelligent 
university students whereas in a few in- 
stances with less intelligent volunteers the 
changes were not impressive. Adrenochrome 
moderates anxiety. The subject thus tends 
to feel better even though he has perceptual 
changes and some change in thought. This 
also makes it more difficult to detect changes. 


The Scientist 


The scientist familiar with the florid ex- 
perience induced by LSD and mescaline may 
expect a similar response to adrenochrome 
but he will be disappointed. He must search 
for subtle changes, Because they are subtle 
it does not mean they are non existent. Sci- 
ence depends upon careful observation of 
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smal! changes. If there is a chemical in the 
schizophrenic person it must produce subtle 
changes, or else why does it require on the 
average eighteen months after onset before 
schizophrenia is diagnosed. We could dis- 
pense with our frequent clinical battles 
whether or not the patient is immature, anx- 
ious, depressed or schizophrenic. 


2. Are Adrenochrome and Adrenolutin 
Metabolites of Adrenaline? 


Since adrenochrome is readily converted 
into adrenolutin by plasma the presence of 
one proves the presence of the other. Until 
recently there was no direct proof that 
adrenochrome was formed in the body. It 
seemed only a matter of time for this dem- 
onstration to be made as indeed it has now 
been done by several authors. This is not 
surprising for the body contains ample quan- 
tities of adrenaline (substrate) and oxidases 
which in vitro quickly oxidize adrenaline to 
adrenochrome. The tissues are richer in these 
oxidases than the plasma, which makes it 
likely this is an intracellular reaction. 


Adrenaline is held within cells. Thus red 
cells [Payza and Mahon (1960) ], and mus- 
cle cells [Raab (1953) ], are much richer in 
adrenaline than plasma. When adrenaline 
molecules are present with enzyme molecules 
it is likely they will collide and so react. Crit- 
ics of the adrenochrome theory maintain this 
oxidation cannot occur in the blood but this 
has not been demonstrated. 

Holland, Green, Goldenberg, Sha and Lei- 
fer (1958) showed that adrenaline is stable 
in plasma in vitro, Leach and Heath (1956) 
and others using optimum conditions found 
on the contrary that adrenaline is enzymat- 
ically oxidized in plasma. The probability is 
very high that adrenaline placed in blood in 
physiological conditions will be partially ox- 
idized to adrenochrome. 

Many authors have inferred that adreno- 
chrome was present in vivo. This evidence 
was reviewed by Bacq (1949). Since then 
Richter (1957) has stated it could be pres- 
ent. Walaas and Walaas (1956) showed 
that sarcosomes from rat diaphragm oxi- 
dized adrenaline to adrenochrome. Bullough 
(1952) suggested adrenochrome accounted 
for the inhibition of mitosis in epidermis of 
mice when stressed. Green, Mazur and Shorr 
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(1956) believe oxidation of adrenaline to 
adrenochrome by ferritin explains how fer- 
ritin inhibits constriction of muscle capil- 
laries by adrenaline. Langemann and Koelle 
(1958) showed that intestinal mucosa pro- 
duces melanin like pigments from adrenaline 
and adrenochrome. Fellmann (1958) re- 
ported that pigments in the substantia nigra 
come from oxidative polymerization in brain 
of adrenaline, i.e. by indole formation. 

Others have measured substances which 
they think are adrenochrome and/or adreno- 
lutin. Gershenovich et al. (1955) reported 
that adrenochrome levels in rabbit brain 
were elevated by high oxygen tension. This 
might explain why demedullated animals are 
more resistant to oxygen pressure than nor- 
mal animals. This is the only stressor known 
where adrenal demedullation improves per- 
formance, Injections of adrenaline restores 
normal sensitivity. 

The presence of adrenaline oxidation prod- 
ucts which exhibit fluorescence similar to 
adrenolutin has been reported by Osinskaya 
(1957) and Utevskii and Osinskaya (1955). 
Sulkowitch, Perrin and Altschule (1957) 
found that psychotic patients excreted large 
quantities of ’epinephrines.”” These authors 
this year repeated their claims [Sulkowitch 
and Altschule (1959)]. In addition, they 
have found an adrenolutin-like substance in 
schizophrenic urine. Similar increases in epi- 
nephrine were reported by Heath (1959). 
Heath also found that after he injected adre- 
naline into schizophrenic patients the excre- 
tion of these epinephrines was much greater 
compared to other subjects. 

Payza and Mahon (1958) in Saskatche- 
wan developed a method for measuring ad- 
renochrome in body fluids. The method is 
accurate and specific. Its specificity depends 
upon the interaction of adrenochrome with 
zine to produce a zine adrenolutin complex. 
Before this method was published in “Ana- 
lytical Chemistry,” Szara, Axelrod and Per- 
lin (1958) reported in the “American Jour- 
nal of Psychiatry” that they had also devel- 
oped a method which was accurate and sen- 
sitive. In contrast to our method which 
showed that about 70 Ug. of adrenochrome 
was present per liter of plasma they found 
less than 30 and they did not believe their 
method showed something specific. We have 
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since compared both methods and can cor- 
roborate their findings. Using their method 
we find less than 30 Ug. of fluorescent sub- 
stance. Even after we injected 10 mg. of 
authentic crystalline adrenochrome intrave- 
nously their method found only 70 Ug. ten 
minutes later. Our method showed 400 Ug. 
Both methods are specific. Theirs is not 
sufficiently sensitive to demonstrate adreno- 
chrome. 

Feldstein (1958) criticized this method 
when applied to fluids. He stated that when 
adrenochrome was known to be present the 
method was good, i.e. it worked well for 
our adrenochrome tolerance curves. How- 
ever, he denied our claim of finding adreno- 
chrome in plasma because of a blank which 
increased in time. We have taken his criti- 
cism seriously and have now developed a 
modification of this method in which this 
objection is met. In the revised method the 
blank value is stable and its fluorescence does 
not go up in time. The new method can also 
be applied to tissues, 

It is of course possible that we do not 
measure adrenochrome. But if so we cer- 
tainly are measuring a compound which so 
resembles adrenochrome the difference is im- 
material. It may well be that we measure 
methoxy adrenochrome from metepineph- 
rine. 


3. Is Adrenochrome Metabolism Disturbed 
in Schizophrenia Concentration of Adre- 
nochrome in Tissue and Fluids? 


On the average all humans so far tested 
have similar concentrations of adrenochrome 
in plasma, i.e. about 60 to 80 Ug. per liter. 
Some schizophrenic patients have much 
higher values when they are very disturbed. 
Whole blood values also are similar. But 
there is a difference in the quantities found 
in the red blood cells. In general tense or 
depressed subjects have much more adreno- 
chrome in these cells followed by normals 
and finally by schizophrenics, The ratio of 
adrenochrome within these cells to adreno- 
chrome in plasma is about 3.4 for depressed 
patients and 1.7 for schizophrenics. This 
suggests that schizophrenic red cells are un- 
able to absorb adrenochrome as well as nor- 
mal red cells. The conclusion is supported 
by the finding that adrenochrome is more 
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rapidly removed from plasma in normal sub- 
jects than it is in schizophrenics. In normal 
subjects ten mg. of adrenochrome are ab- 
sorbed in 30 minutes. In schizophrenic sub- 
jects, about two hours are required. 


TABLE II 


Distribution of Adrenochrome Between 
Red Cells and Plasma 


Adrenochrome, mg/liter 


5 £ to 
Diagnosis 2 3 = 3 a 
Normal 8 216 82 26 1.3t03.8 
Anxiety 25 275 82 3.4 1.3t095 
Schizophrenic 
Before Treatment 13 189 110 1.7 0.3t03.0 — 
After Treatment 5 326 116 2.8 1.8to3.9 


It must be remembered that blood is a 
colloid containing red cells and plasma, The 
amount of any substance in plasma depends 
upon the equilibrium between free and ab- 
sorbed substance. For most compounds, this 
is given by the classical absorption iso- 
therms, In general when the capacity to 
absorb is great, one can add large quantities 
to the system with little variation in the 
liquid phase. 
charcoal gas mask. When the ability to ab- 
sorb is small due to saturation the concen- 
tration free varies directly with the quanti- 
ties added. Thus blood is a buffered system 
in which adrenochrome levels are kept con- 
stant due to the buffering capacity of the 
red cells and perhaps other tissues. This 
means of course that schizophrenic bloods 
are not as well buffered and they are there- 
fore more at the mercy of fluctuation in ad- 
renochrome levels. 


We found that the cerebrospinal fluid of 
schizophrenic patients had twice as much 
adrenochrome relative to plasma as did that 
of non-schizophrenic patients. CSF does not 
contain red cells. This also suggests adre- 
nochrome can be made in the brain. 


LSD produces alterations in adrenochrome 
metabolism toward those found in schizo- 
phrenia. We have observed the following 
changes: (1) plasma adrenochrome is ele- 
vated after LSD if the typical experience is 
induced, (2) there is no change in whole 
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blood, (3) there is a decrease in the red 
cells, (4) pretreatment with LSD reduces 
the ability of red cells to absorb adreno- 
chrome, i.e. adrenochrome tolerance curves 
become schizophrenic, (5) pretreatment with 
LSD potentiates the adrenochrome experi- 
ence. Brom LSD has no effect on the ad- 
renochrome metabolism. 


It therefore seems likely that LSD reduces 
the ability of red cells to hold adrenochrome. 
It is important to remember that LSD is a 
powerful inhibitor of pseudocholine esterase 
which is present in high concentration in 
red cells and which may play a role in the 
permeability of red cells. 


The State of Corroboration 


Summing up the evidence, it is clear that 
adrenochrome ‘s psychotomimetic for ani- 
mals and according to two independent re- 
ports as well as our own, in man. Adreno- 
chrome apparently is a natural metabolite 
of adrenaline but decisive proof, i.e. crystal- 
lization of natural adrenochrome has not yet 
been reported and finally, according to our 
recent work, its metabolism is disturbed in 
schizophrenia and in the LSD _ psychosis 
which resembles schizophrenia, 

The Hypothesis 


The basic hypothesis is shown in Figure 1. 
According to statement A, tension and/or 
anxiety is a function of the ratio of adrenal- 
ine to the dihydroxy indoles formed from it. 
Heacock and Laidlaw (1958) and Heacock 
and Scott (1959) have shown that the con- 
version of adrenochrome to leuco adreno- 
chrome is assisted by reducing substances 
such as ascorbic acid, glutathione and peni- 
cillamine. 

Statement B states that reaction marked 
N is the normal one and the conversion into 
adrenolutin is schizophrenic. The assump- 
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tion can be made that in schizophrenia there 
is an inhibition or defect in the reaction 
marked N. Perhaps this is the site of ac- 
tivity of taraxein. If N is blocked the ad- 
renochrome must flow into S and if this is 
continued long enough, the subject will be- 
come schizophrenic. He will respond to this 
in terms of his own personality and experi- 
ence as he would to a broken leg or diabetes. 

Schizophrenic patients should have there- 
fore an increase in the turnover of adreno- 
chrome, Adrenochrome has some well-known 
properties in vitro, It should therefore im- 
part these properties to schizophrenic pa- 
tients. 

Thus adrenochrome and its metabolites are 
indoles. This could account for the pres- 
ence of indoles in schizophrenic urine. Sec- 
ond, it is antimitotic. This might explain 
disturbances in growth in schizophrenic chil- 
dren, disturbances in growth of germinal tis- 
sues and decreases in fibrosis leading to a 
lower resistance to tuberculosis. Third, ad- 
renochrome, is antihistaminic, which could 
account for the scarcity of allergies in schiz- 
ophrenia. Fourth, adrenochrome is an anti- 
insulinase which could account for the scar- 
city of diabetes mellitus in schizophrenia. 
Fifth, it is the strongest known inhibitor of 
glutamic acid decarboxylase which could ac- 
count for the presence of EEG abnormalities 
due to a deficiency of inhibitor factor GABA. 

None of the statements are absolute but 
evidence in the literature supports them. 

It is possible that adrenochrome is not 
present in the body. If true, we will have to 
postulate a substance like adrenochrome be- 
cause no other known chemical will acount 
for the clinical findings of schizophrenia as 
well. As I have shown anyone knowing the 
chemical and physiological properties of ad- 
renochrome can extrapolate reasonably well 
to the properties of schizophrenia. 





STATEMENT A 





Adrenaline 


Tension, = Ke = 
Dihydroxy indoles 
STATEMENT B 
N Leuco Adrenochrome 
Adrenaline > Adrenochrome a pice tite indoles) 
Ss (trihydroxy indoles) 


Figure 1. 








86 DISEASES OF THE NERVOUS SYSTEM 


Summary and Conclusion 


I have briefly outlined the adrenochrome 
hypothesis of schizophrenia. Three main 
sub-hypotheses have been considered. First, 
that it is psychotomimetic. This is proven 
for animals and has received some corrobo- 
ration for man. Second, that it is present 
in the body. For this view, there is a good 
deal of indirect and some direct evidence. 
Final proof in the sense of isolation is not 
yet available. Third, adrenochrome metab- 
olism appears to be disturbed in schizo- 
phrenia. 

The evidence tends to corroborate rather 
than deny the hypothesis. My colleagues 
and I will agree it will have outlived its util- 
ity when it is replaced by one which is more 
useful. 
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Serotonin in Mental Disorders 


D. W. WOOLLEY, M.D. 


To state the case briefly, one should say 
that during the past few years evidence has 


| been accumulated which indicates that the 
' hormone serotonin has a function in main- 
| taining normal mental processes, and that 
_ interference with its action in the brain leads 
' to mental disorders and neurological dys- 
_ function. This concept was first enunciated 


by Woolley and Shaw early in 1954.7" It 
was based on their studies of antimetabo- 
lites of serotonin, the first of which was pub- 
lished in 1952." Since that time a variety of 
observations have lent support to the orig- 
inal idea, 

Because the idea that serotonin might be 
concerned in mental processes arose from 
studies of antimetabolites of it, let us first 
refresh our memories about what an anti- 
metabolite is, and how it functions. In any 
living thing there are a number of chemical 
compounds which are specifically essential 
for various vital processes, These are called 
essential metabolites, or, more simply, just 


_ metabolites, Examples are vitamins such as 


thiamine, ascorbic acid, etc., and hormones 
such as thyroxine, testosterone, serotonin, 
adrenalin etc. Each of these metabolites 
serves as a specific substrate for a special 
metabolic reaction. The substrate fits the 
enzyme of such a reaction just as a key fits 
its lock, and the turning of the lock opens 
the door of some special living process. We 
may picture serotonin as one of these keys 
which fits a lock called the serotonin recep- 
tor. When the two interact we see the result 
as a pharmacological effect. With serotonin 
this is usually the contraction of a smooth 
muscle. This contraction is the most studied 
aspect of serotonin’s action. 


An antimetabolite of serotonin is a chemi- 
cal compound which is shaped to resemble 
this hormone. Because of this structural re- 
semblance, the antimetabolite can be thrust 
into the serotonin receptor, i.e., the special 
lock, just as the hormone itself can be. How- 
ever, because the antimetabolite differs in 
some detail from the real metabolite, the lock 





From Rockefeller Institute, New York, N. Y. 


cannot be turned by it. It therefore occupies 
the space, and excludes the normal entry of 
serotonin. The result is the creation of a 
specific deficiency of this hormone. We see 
this effect of the antimetabolite in an animal 
(or in one of its isolated tissues) by a fail- 
ure to respond to administered serotonin. 
Such an animal still responds normally to 
other metabolites just as locks are not 
blocked by keys unrelated to the proper ones. 


This crude mechanical analogy permits us 
to visualize what an antimetabolite is, and 
how it functions. An antimetabolite of sero- 
tonin is thus a structural analog of it, and 
one which is able to exclude the hormone it- 
self from its receptor thereby creating a de- 
ficiency of it. It is important to note the 
two parts of this definition. An antimetab- 
olite is not merely a structural analog of a 
metabolite, It must be both a structural an- 
alog and a biological antagonist. The struc- 
ture of serotonin is shown in Figure 1. The 
first two antimetabolites of it, which were 
synthesized in 1952, are also shown there. 

Woolley and Shaw had started the search 
for antimetabolites of serotonin in the win- 
ter of 1951-2 in the hope of thereby discov- 
ering a drug useful in the treatment of es- 
sential hypertension.*® Some synthetic com- 
pounds, including those shown in the first 
slide, were produced and found to act on 
smooth muscles as antagonists to the con- 
tracting action of serotonin. Before this 
work had proceeded very far it was realized 
that various naturally occurring drugs in ad- 
dition to these new synthetic compounds, 
were also structural analogs of this newly 


HO. 
Ue CH2- CH2-NH2 
N 


Serotonin 


ON 
_ CH2-CH3 CHg~CH3 
CH3 CH3 
N N 


Amino - analog Nitro- analog 


Fig. 1. Structure of serotonin with the amino and 
nitro analogs. 
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discovered hormone. It was then quite easy 
to show that these drugs actually did func- 
tion as competitive antagonists of serotonin 
on smooth muscles. This made it seem quite 
probable that part at least of their pharma- 
cological action was due to this antisero- 
tonin property. The drugs were actually nat- 
urally occurring antimetabolites of seroto- 
nin,*"15 

There were three principal classes of such 
drugs. These were the harmala alkaloids 
of which harmine (Fig. 2) is an example, 
yohimbine, and its more recently discovered 
congener, viz. reserpine (Fig. 3), and the 
ergot alkaloids such as ergotamine and ly- 
sergic acid diethylamide, or LSD (Fig. 4). 
These slides have been arranged in this or- 
der so that the gradually increasing molec- 
ular complexity can be seen. The structural 
resemblance of harmine to serotonin is plain, 
but is not so plain with yohimbine and LSD. 
However, having seen the close analogy with 
harmine you can observe that yohimbine 
is just a more complicated compound of the 
same sort. Reserpine may then be regarded 
as a somewhat more complicated derivative 
of yohimbine. There thus exists an extended 
series of compounds (several of which have 
not been mentioned here) of graded com- 
plexity but with the common points of struc- 
tural resemblance to serotonin and of phar- 
macological antagonism to it. The ergot al- 
kaloids form a somewhat different group, 
because in them the resemblance to seroto- 
nin is different. The side chain of the hor- 
mone has been fused to the benzene ring ra- 
ther than to the indole ring, as in harmine. 
In our studies of 1952-3 these substances 
were shown to act as competitive and re- 
versible antagonists of serotonin when tested 
on segments of carotid artery or rat uterus. 
A few data to illustrate this point for LSD 
are shown in Figure 5, and for harmine as 
tested on the rat uterus, in Figure 6. Much 
more extensive data on these and related 
compounds can be found in our original pa- 
pers and in subsequent publications from the 
laboratories of Dr. Gaddum’ and of others. 


Several of these naturally occurring anti- 
metabolites of serotonin were known to 
cause psychiatric disorders in men and to 
cause behavioral changes in animals. Thus, 
LSD especially had been found to be out- 
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standing in this respect because of the mi- 
nute doses of it which would call forth a psy- 
chiatric state in man resembling schizo- 
phrenia.*'® In fact, LSD was not the first 
ergot alkaloid found to disturb the mind. It 
is well to remember that a prominent feature 
of ergotism in man was the mental or psy- 
chiatric changes which were reviewed long 
ago by Barger,’ and to recall that since there 
is no LSD in natural ergot, the other ergot 
alkaloids must be capable of causing these 
effects if the dose is large enough. A dis- 
tinguishing feature about LSD is the small- 
ness of the dose required. The other types 
of alkaloids, now seen to be related to sero- 
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Fig. 3. Serotonin, yohimbine, and reserpine struc- 
tures. 
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tonin likewise have a long history relative 
to psychiatry. Thus harmine has long been 
known to cause a type of deranged behaviour 
in dogs and other animals, The aboriginal 
use of crude yohimbine as an aphrodisiac 
may be taken as evidence that this compound 
as well affects the mind. 


These psychiatric effects of compounds 
which we had just found to be antimetabo- 
lites of serotonin were engaging our atten- 
tion when we were fortunate to find that 
some of the new synthetic antimetabolites 
of serotonin were capable of causing beha- 
vioural changes in animals. The nitroindole 
shown in Figure 1 had been the first promis- 
ing antiseroton:n suitable for trials in hy- 
pertension.'* When it was studied for tox- 
icity in mice prior to human trial, I had no- 
ticed that a few of these animals which had 
eaten large amounts of it for a long time 
showed a change in character. They he- 
came savage, and would run toward me and 
bite my hand when I fed them. This was 
an ill defined change, and was not seen in all 
the mice, and was consequently of question- 
able significance. When this same compound 
was given to Dr. R. Wilkins for clinical test, 
however, the significance of the mouse re- 





Serotonin vs. Lysergic Acid Diethyl Amide 
(LSD) in the Contraction of Carotid Ar- 


tery Rings 
Serotonin LSD Decrease in diameter 
of ring 
gamma/cc gamma/cc per cent 
0 0 0 
0.2 0 31 
0.2 0.03 23 
0.2 OL 15 
0.2 0.3 12 
0.2 1.0 6 
0 10.0 —-3 


Fig. 5. LSD on artery rings. 
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sult was plain. This antimetabolite of sero- 
tonin caused profound mental depression in 
humans, 

At about this same time, a new antisero- 
tonin was synthesized and found to cause 
convulsive fits in mice. This was medmain, 
the structure of which is shown in Figure 7. 
This was a potent antiserotonin when tested 
on smooth muscles* but when it was given to 
mice in rather large doses it caused convul- 
sive fits which were impressively reminiscent 
of epileptic seizures in man. 

Since that time, we have made other close 
structural analogs of serotonin which have 
called forth in dogs irrational behavior. 
Other laboratories, also, in their search for 
antiserotonins, have had similar experiences. 
Thus, a few analogs of serotonin, which have 
shown no striking toxicity in laboratory ani- 
mals have been given clinical trial in the 
treatment of hypertension, but have had to 
be abandoned because of psychiatric side ef- 
fects. It was not until we had fully appreci- 
ated the danger of causing undesirable ef- 
fects on the mind, and had found a way of 
avoiding these effects, that it was possible 
to produce a compound which showed clini- 
cal promise in hypertension. Such a com- 
pound has now been produced.'? We may 
view the finding of mental disorders caused 
by certain antiserotonins as a byproduct of 
these efforts against hypertension. 

The reason why serotonin got into psy- 
chiatry, then, was because of pharmacologi- 
cal studies with smooth muscles. Several of 
the analogs of serotonin, which acted as 
antimetabolites of it, caused psychiatric 
changes in men and behavioral changes in 
animals, This correlation was first made in 
1954'*" and it was argued that since the ef- 
fect of the antimetabolites on muscle was to 
cause a deficiency of serotonin, the mental 








Fig. 6. Harmine on rat uterus. 
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Fig. 7. Medmain structure. 
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effects of the same compounds might be the 
manifestation of a similar serotonin defi- 
ciency somewhere in the brain. 

Although this idea of deficiency of sero- 
tonin is plausible, there is another view of the 
data which must be taken into account. This 
is that the analogs of serotonin which affect 
the mind do so because they act like sero- 
tonin rather than antagonistically to it. 
This alternative was considered in the orig- 
ina] paper’ and it has grown a little in stat- 
ure since. To return to the lock and key 
analogy one would say that some of the ser- 
otonin relatives fit well enough into the sero- 
tonin receptor of the brain that they can take 
the place of the hormone and carry out some 
of its functions. One might also picture 
them as acting to inhibit the enzyme (amine- 
oxidase) in the brain which normally de- 
stroys excess serotonin. Inhibition of this 
enzyme would lead to the piling up of excess 
serotonin. Because this hormone is a sub- 
strate for this enzyme, a structural analog 
might be expected to inhibit it. Two modes 
of action, both leading to an excess of sero- 
tonin in the brain might thus be pictured, 
and are alternatives to the idea that a defi- 
ciency of cerebral serotonin is the cause of 
the psychiatric disorder. To distinguish 
with certainty between these two alterna- 
tives is very difficult. The need to do so is 
great because it is vital to the understanding 
of the disease and to rational attempts to 
control it via the serotonin route. 

Although LSD has been shown by many 
. orkers in a variety of pharmacological tests 
to be a potent and a specific antagonist of 
serotonin, it can also be shown to act like 
serotonin. Marrazzi and Hart were the first 
to find evidence of this which they did by 
studies with the optic cortex of cats. We 
also found that LSD stimulates the heart of 
the clam Venus mercenaria in a serotonin- 
like manner. Welsh has made similar ob- 
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servations. Getting closer to home phylo- 
genetically and examining dogs, we have also 
observed that just as serotonin caused rises 
and falls in the arterial blood pressure, so 
also LSD caused these same effects. In fact, 
on a weight basis, LSD was about three 
times as powerful as serotonin in both of 
these tests. Furthermore, the rise in blood 





pressure of the dog which was caused by | 


LSD was prevented by a specific antimetabo- 
lite of serotonin (Figure 8). This was addi- 
tional evidence that the action was serotonin- 
like. The antimetabolite used in this experi- 
ment was the one recently found to be active 
in human hypertension without causing men- 
tal disorders.’® Its structure is shown in Fig- 
ure 9, Clearly then, LSD has some serotonin- 
like actions. 

Not only does LSD have serotonin-like as 
well as antiserotonin properties; serotonin 
itself will act as an antiserotonin, and will 
do so quite specifically, Gaddum showed that 
an excess of the hormone would render the 
rat uterus insensitive to the amounts which 
ordinarily would cause it to contract.* Shaw 
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and Woolley’ have shown this same sort of 
antiserotonin action in living dogs in the 
blood pressure test. This type of effect is 
readily understood in terms of the lock and 
key model. The serotonin receptor is simply 
blocked by several molecules of the hormone 
all attached to the site at which one molecule 
must combine if the hormone is to exert its 
usual effect. This point should not be mys- 
tifying because it is the well-known phenom- 
enon of inhibition of an enzyme by an excess 
of its substrate. 


We must now ask ourselves whether all 
of the other analogs of serotonin which have 
been found to affect the mind and the central 
nervous system likewise have a serotonin- 
like action. If they do, then the idea of ser- 
otonin excess rather than deficiency as the 
causative factor must be given prominence. 
When harmine was tested on isolated rat 
uterus for serotonin-like action none was 
found. (Shaw and Woolley, unpublished 
data.) Similarly, when harmine was tested 
for pressor action in dogs, none was found. 
However, in the blood pressure test, subse- 
quent challenge with serotonin revealed an 
enhancement of its action in the case of the 
dog, and an antagonism in the case of the 
rat uterus. Similarly, the nitroindole shown 
in Figure 1 was only an antagonist of sero- 
tonin in the dog, but Welsh" found it to act 
like serotonin on the heart of the clam. Med- 
main was found by Shaw and Woolley to be 
only an antiserotonin on sheep arteries, but 
to have some serotonin-like action on iso- 
lated rat uterus.* All of this indicates clearly 
that whether one finds antiserotonin or sero- 
tonin-like effects very often depends on the 
tissue or species chosen for study. It is use- 
less to attempt to decide the matter by find- 
ing an hallucinogenic compound which acts 
only as an antiserotonin on all tissues. The 
risk is always great that although on 10 test 
objects a compound will act only as an an- 
tagonist, on the eleventh it may show some 
serotonin-like effect. Several substances have 
been found to act like serotonin and to be 
at the same time and on the same tissue an- 
tagonists of it. The effect which is seen de- 
pends on the concentration applied. Seroto- 
nin itself as described above is a case in 
point. Whether an excess or a deficiency is 
the causative factor is not easy to resolve. 
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Especially is this true when attempts are 
made to infer from isolated muscles which 
of the opposing actions is being exerted on 
human brain, 

You will ask why this question of too 
much or too little serotonin has not been 
solved simply by injection of this hormone. 
The reason is that in animals, peripheral in- 
jection leads to no increase in the brain con- 
tent. In other words, peripherally admin- 
istered serotonin passes into the brain only 
in amounts too small to measure. Direct in- 
jection into the brain has been tested in ani- 
mals, but is not something which one can do 
in human beings. The chief impression 
gained from animals given intracerebral ser- 
otonin is lethargic behavior, a drowsiness 
and unwillingness to move .iormally (cata- 
tonia). If the dose is increased to gigantic 
amounts (1-5 mg. per kg.) this lethargic 
state may give place to violent convulsions, 
resembling those provoked by medmain. The 
natural precursor of serotonin, viz, 5-hy- 
droxytryptophane, has been shown by Uden- 
friend and his collaborators to pass the 
blood-brain barrier, and to increase seroto- 
nin content of the brain. Peripheral injec- 
tion of this precursor in huge amounts does 
lead to convulsions in some species and we 
have seen it cause marked central effects in 
dogs and mice. Some of its effects on man 
will be mentioned later. 

To summarize these points then, it should 
be said that simple direct injection of sero- 
tonin has failed to show what sort of effect, 
if any, it has on the brain. The reason for 
failure seems to be that serotonin does not 
reach the brain. We now have as a result 
of Udenfriend’s work the natural precursor 
of serotonin. This has the great advantage 
that it does penetrate into the brain and in- 
creases the serotonin content of that organ. 
Animals with increased cerebral serotonin 
do show behavioral changes as evidence that 
their brains are affected by the hormone. 

As a result of the foregoing findings, we 
can picture an animal as being divided into 
two compartments with respect to serotonin. 
One of these is the nervous system. There 
it has been shown that serotonin is produced 
and the evidence suggests that it plays a 
role there. The other compartment is the 
remainder of the animal where serotonin is 
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also produced and exerts an effect. How- 
ever, serotonin from the periphery appears 
to penetrate into the central nervous system 
only with difficulty, if at all. It must be re- 
membered, however, that this is a working 
hypothesis. It is based on the experimental 
finding that injection of serotonin into the 
periphery in large amounts (compared to 
that already there) brings about no meas- 
urable change in the serotonin content of 
the brain. On the contrary, when the pre- 
cursor of the hormone is injected periph- 
erally, it does penetrate into the brain and 
is converted to serotonin there. A measurable 
increase of cerebral serotonin is ach‘eved. 
Let us return now to the antiserotonins 
because the evidence derived f10m human be- 
ings has been obtained mostly through the 
use of these antagonists. Some of these 
analogs of serotonin, as we have seen earlier, 
cause psychiatric effects in men. The fact 
that these analogs are antagonists to sero- 
tonin (and sometimes serotonin-like) has 
been demonstrated thus far only on isolated 
smooth muscles or in animals in which one 
measures a peripheral effect such as change 
in blood pressure. We want to know whether 
there is any justification for transferral of 
such results to arguments about action in 
the brain. Indeed we will want to know if 
serotonin has any demonstrable action at all 
on the brain. We have been troubled by 
these questions and have made the following 
experiments in an effort to study them. 
Through the cooperation of Drs. M. Murray 
and H. Benitez of Columbia University it has 
been possible to find a visible effect of sero- 
tonin on a special kind of brain cell cultured 
in vitro, Furthermore, it has been possible 
to show that a few of the antimetabolites of 
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serotonin will overcome this action on the 
brain cells just as they antagonize serotonin 
in smooth muscles. 

In the brain there are special cells, the 
oligodendroglia, which have a_ pulsating 
movement. This contraction and expansion 
of these cells reminded us of the character- 
istics of smooth muscles on which serotonin 
acts. It seemed possible that these struc- 
tures would be caused to contract with ser- 
otonin. Both human and rat oligodendroglia 
were examined in tissue culture, and it was 
found that serotonin did in fact cause them 
to contract strongly. Dr. Murray has made 
a time-lapse movie which shows the normal 
pulsation and the effect of serotonin. 

This effect of serotonin seemed to be spe- 
cific for oligodendroglia, because astrocytes 
were not caused to contract. The appear- 
ance of human oligodendroglia during pul- 
sation can be seen from Figure 10. This 
slide shows a group of these cells. You will 
note that some were in a state of contrac- 
tion, while others were relaxed when this 
picture was taken. Consequently it is nec- 
essary to follow the actions of individual 
cells in order to see the phenomenon. For 
this purpose, certain cells in the photographs 
have been marked, Thus cell number 1, in 
the three exposures shown on Figure i0, can 
be seen relaxed, then in the process of con- 
traction, and finally contracted. The fuzzi- 
ness of outline in the middle picture resulted 
because during the exposure of the film the 
outlines of the cell had been changing. 

The action of serotonin is shown in Fig- 
ure 11. A fully developed contraction can 
be seen as it appeared 30 minutes after ap- 
plication of the serotonin (5 gamma per cc.). 
At this time the effect was at its greatest. 
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Fig. 10. Normal oligodendroglia during contraction. 









Fig. 11. Oligodendroglia contracted 
with serotonin. 
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The cells remained in this contracted state 
for about an hour, when they then slowly re- 
sumed normal] pulsations. 

The contractile effect of serotonin on hu- 
man oligodendroglia was overcome by syn- 
thetic antimetabolites of serotonin such as 
medmain and 1-methylmedmain. Application 
of these compounds in low concentration to 
the contracted cells caused the resumption 
of normal pulsation. The antimetabolites 
caused no discernible effect at this same con- 
centration when applied to normally pulsat- 
ing cells in the absence of serotonin. How- 
ever, at considerably higher concentrations 
they were toxic. The closeness of corre- 
spondence between the results obtained on 
smooth muscles (rat uterus) and those on 
the brain cells was striking indeed. Espe- 
cially was this true with respect to one cu- 
rious difference between medmain and 1- 
methylmedmain. These two antimetabolites 
of serotonin are very closely related in chem- 
ical structure, and they have equal potency 
as antiserotonins both when tested on rat 
uterus as well as when tested on human 
oligodendroglia. However, at higher concen- 
trations, medmain, but not 1-methylmed- 
main, had a serotonin-like action on uterus. 
It was of much interest to see that the same 
was true on the oligodendroglia. What was 
even more interesting was that medmain, 
but not 1-methylmedmain, caused the con- 
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vulsive fits in mice. We had earlier asso- 
ciated this convulsant action of medmain 
with its serotonin-like effect, and had re- 
garded it as a serotonin-like compound 
which, in contrast to serotonin itself, was 
able to penetrate into the brain readily. The 
ability to demonstrate all of these findings 
again in brain cell cultures just as they had 
been found to exist in smooth muscle prepa- 
rations, encouraged us to believe that the 
results on smooth muscles have a bearing 
on the reactions of brain to these compounds, 
A summary of the findings with the oligo- 
denroglia is shown on Figure 12. 

The action of LSD also was studied in hu- 
man oligodendroglia. The results were more 
complex than with the two medmains, The 
first effect seen with LSD was a relaxation 
and vacuolization of the brain cells. This 
was then followed by a strong, serotonin- 
like contraction. Under suitable condi- 
tions of concentration one could prevent the 
initial flaccidity by administration of sero- 
tonin, In this respect then, an antagonism 
was demonstrated. The subsequent contrac- 
tion was not antagonized by serotonin, in 
fact, it was augmented by it. In this sys- 
tem then, LSD showed both pro- and anti- 
serotonin actions just as is the case in the 
test using blood pressure responses of dogs. 

These studies with oligodendroglia are 
only beginning, and much remains to be 
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Fig. 12. Summary of oligodendroglia results. 
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done. They seem to show that one can find 
a visible action of serotonin on a particular 
part of the brain, and they may provide a 
means of testing which is more relevant 
than are assays with smooth muscles. The 
reader is referred to the original paper for 
sequential photographs which illustrate the 
effects which have just been summarized.” 
The demonstrable action of serotonin on 
oligodendroglia provides us with a clue about 
one of the possible ways in which interfer- 
ence with serotonin in the brain may lead to 
hallucinations and convulsions. This is prob- 
ably not the only function of this hormone 
in the brain and much more will need to be 
done to prove the following idea, Neverthe- 
less, it may have some value since it seems 
to account for many of the phenomena which 
have thus far been seen. Because the brain is 
poorly vascularized in comparison to organs 
such as kidney, it has seemed that some 
means is necessary to insure adequate circu- 
lation of extravascular fluids in order that 
oxygen, glucose, and other requisites reach 
the cells rapidly enough. The pulsations of 
the oligodendroglia, and their anatomical sit- 
uation in the brain, suggest that these cells 
are little stirring devices which circulate 
the extravascular fluid. If they were to be 
stopped, either by a tetanic contraction or 
by flaccidity, then this circulation would be 
impeded. It is well known that convulsions 
are a common result of anoxia of the brain. 
Conceivably, a deficiency of oxygen in the 
cell bodies could arise from stoppage of these 
stirring devices. It is not so well known, but 
most terrifying anxiety can be evoked in a 
nevertheless true, that hallucinations and 
normal man just befcre he loses conscious- 
ness in hypoglycemia. I myself have expe- 
rienced this effect called forth by injection 
of insulin, Anoxia and hypoglycemia of the 
brain are thus known to elicit the effects 
which we wish to connect with serotonin. In- 
terference with the stirring action of the oli- 
godendroglia conceivably could bring about 
a deficiency of glucose in the cell bodies. 
However, it must be stated again that there 
may be other more direct actions of seroto- 
nin on neural functions. The action on oli- 
godendroglia is possibly one of many. It is, 
however, one which we should not neglect. 
Let us now return to the question of how 
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the psychiatric effects of analogs of seroto- 
nin are to be interpreted in relation to men- 
tal disorders. If the analogs act like sero- 
tonin the inference for schizophrenia is that 
the symptoms may arise from too much ser- 
otonin, whereas if they act primarily as an- 
tagonists of serotonin the mental disturb- 
ance is probably to be interpreted as the re- 
sult of too little serotonin. During the last 
few years considerable new evidence has been 
obtained which indicates that the excitement 
and mania can be the result of too much cer- 
ebral serotonin and that depression can re- 
sult from too little. The evidence thus far 
presented may be summarized as follows: 
(1) In experiments with normal men and 
normal laboratory animals given analogs of 
serotonin, the findings in general are that 
those compounds which cause hallucinations 
and other clear indications of excitement can 
be shown readily to have a serotonin-like ac- 
tion in several pharmacological assay sys- 
tems. Those which cause depression and 
tranquilization usually behave as antago- 
nists of serotonin. Of course, the lines are 
not cleanly drawn, for, as mentioned earlier, 
an analog which usually behaves as an an- 
tagonist can be found to show serotonin-like 
action if one searches long enough for a suit- 
able test system. Nevertheless, the general- 
ization just given seems to be true, and the 
numbers of new compounds which support 
such a view continue to increase. Thus, 
LSD, bufotenine (or N, N-dimethylseroto- 
nin), psilocybine (the phosphate ester of a 
bufotenine isomer), and medmain are all rel- 
atives of serotonin in which the ability to 
incite mental changes such as _ hallucina- 
tions, profound excitement, and personality 
changes are very prominent, and these are 
the compounds which act like serotonin 
pharmacologically. They differ from sero- 
tonin itself in that they can reach the brain 
when given peripherally. Compounds like 
2-bromoLSD (BOL), 1-methylmedmain re- 
serpine and many others, even though they 
also reach the brain, behave in most phar- 
macological tests as antagonists of seroto- 
nin, and only with some difficulty can one 
demonstrate a serotonin-like action. Since 
the antagonism of an antimetabolite is the 
result of deficiency of the related metabolite, 
these findings suggest that serotonin excess 
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in the brain is connected with excitement, 
and deficiency with depression, The defi- 
ciency can be readily seen with a depressant 
such as reserpine since analysis of brain and 
other tissues of reserpinized animals shows 
that their serotonin content is reduced. The 
same is true for some synthetic analogs of 
serotonin. 

(2) In patients suffering from mental dis- 
orders, changes induced in brain serotonin 
lead to changes in their condition. These 
changes are compatible with the idea ex- 
pressed above. Thus, a large number of pa- 
tients with simple depressions have been 
treated with inhibitors of monoamineoxidase 
such as Marsilid (iproniazid) with the re- 
sult that they have become better. These 
inhibitors retard the destruction of seroto- 
nin in the brain and other tissues and 
thereby increase the amount of this hor- 
mone. However, when schizophrenics are 
so treated they either do not change, or they 
become worse. This would be in keeping 
with the idea that their condition is associ- 
ated with excess of serotonin rather than 
deficiency, The interpretation, nevertheless, 
is not clear because these inhibitors of mon- 
oamineoxidase increase not only serotonin 
but also other neurologically active amines 
such as norepinephrine and epinephrine. We 
must therefore say that depressions are ben- 
efited by increases in cerebro amines such as 
serotonin and the epinephrines. Schizophren- 
ics are usually made worse. 

A second way to increase brain serotonin 
is to give the precursor of the hormone, 5-hy- 
droxytryptophane. In collaboration with 
Dr. Therman this has been done in carefully 
selected schizophrenics. They have usually 
become worse. In the same way bufotenine 
has been used on these patients. This is a 
derivative of serotonin which still retains its 
hormonal action, but which, unlike serotonin 
itself, can penetrate into nerves. Patients 
So treated have become worse during the ad- 
ministration, and then returned to their orig- 
inal state when the administration ceased. 
Patients with simple depression have not yet 
been tested with these compounds, 

(3) Compounds have been found which 
are not analogs or antimetabolites of sero- 
tonin, but which are, nevertheless, antago- 
nists of its action. Such compounds are less 


likely to possess serotoninlike effects than 
are the structural analogs mentioned earlier. 
Some of these compounds have tranquilized 
and benefited schizophrenic patients. One 
such is chlorpromazine, which is a powerful 
antagonist of serotonin on smooth muscles. 
Another which has not been tested by so 
many investigators is nicotinamide in mas- 
sive doses. This substance which Hoffer 
found very useful for the treatment of the 
disease we have found to act as an antago- 
nist of serotonin. These findings would be 
compatible with the idea of schizophrenia 
being the result of too much rather than of 
a deficiency of cerebral serotonin. Here 
again one must be cautious, Chlorproma- 
zine is not only an antagonist of serotonin 
but also of the epinephrines and of hista- 
mine. The role of these hormones in the 
disease may be important. 

(4) Measurement of the serotonin content 
of tissue and fluids has been rather indeci- 
sive. Most investigators have contented 
themselves with determinations on urine, but 
since the changes we are looking for are 
probably in the brain, and not necessarily in 
the body as a whole, the urine is probably 
not the tissue to examine. The extreme diffi- 
culty of getting from schizophrenic patients 
fresh samples of the tissues one wants to use 
for analysis (i.e. central nervous system) 
has been the reason why more has not been 
done. I speak from experience on this point. 
A few patients (less than 100) have been 
compared to normal people for serotonin con- 
tent of their cerebrospinal fluids. The indi- 
cations are that schizophrenics have more 
than normals but the differences have not 
been extraordinary and may disappear when 
sufficient numbers are examined, At the 
present, however, the meager findings are 
compatible with the idea of an excess of ser- 
otonin rather than a deficiency, In some 
non-schizophrenic patients with neurological 
and marked mental disorders we have found 
very large amounts of serotonin in the spi- 
nal fluid. 

The accumulation of such evidence has 
tended to form the idea that an excess of 
serotonin in the brain may call forth the 
symptoms of excitement and that depression 
may be the result of serotonin deficiency 
there. The alternation of excitement and 
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depression which is frequently a feature of 
mental disease may suggest that something 
has gone wrong with the control mechanism 
which maintains a steady state for the sero- 
tonin content in normal individuals. 

One must recognize that all that we have 
is evidence which does not yet constitute 
proof of the relationship of serotonin to men- 
tal diseases. Much of this evidence is highly 
suggestive and probably carries vs further 
in the understanding of this dis ~se than 
we have been before. Not the i t point 
to be gained from the serotonin hypothesis 
is the clear possibility of being able to con- 
struct a therapeutic agent which will be ef- 
fective in controlling some of these condi- 
tions. 

Many objections to the serotonin hypothe- 
sis have been raised. Close examination of 
many of these will show that they have no 
sound basis and that the objections have 
been raised without a complete understand- 
ing of the facts. For example, Cerletti and 
Rothlin*® described an antimetabolite of sero- 
tonin, viz. 2-bromoLSD or BOL, which did 
not cause hallucinations in normal people. 
Since they thus had an antagonist of sero- 
tonin which did not bring about the excite- 
ment phase caused by LSD they concluded 
that the actions of LSD were not the result 
of its relationship to serotonin, They ap- 
parently failed to notice that BOL caused 
severe mental depression in normal people 
just as certain other analogs of serotonin 
such as that shown in Figure 1 had been 
found to do.'* The lack of induction of hal- 
lucinations by BOL therefore constitutes no 
valid refutation of the serotonin hypothesis. 

The serotonin hypothesis does not insist 
that the only way to induce psychiatric dis- 
turbances is to tamper with the functioning 
of serotonin in the brain. Thus, the finding 
that changing the functioning of acetylcho- 
line or of norepinephrine by various drugs, 
will lead to psychotic episodes, in no way 
invalidates the serotonin hypothesis. What 
these findings show is that these other hor- 
mones of the nervous system are important 
as well as serotonin. There are phamacolog- 
ical experiments which suggest a very close 
interrelationship of not only serotonin and 
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acetylcholine’? and the epinephrines, but 
also of histamine. 

To summarize, I feel that sufficient evi- 
dence has been found to suggest that sero- 
tonin plays a role in the brain, and that 
pharmacological interference with this func- 
tion there may influence mental and neuro- 
logical processes. There is no proof that 
these relatives of serotonin do not affect 
other processes aside from those concerned 
with serotonin, and these other processes 
may be of great importance. However, the 
use of analogs of serotonin has brought to 
light so many phenomena related to mental 
function as to suggest a participation of this 
hormone in normal mental processes. 
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Psychiatric Problems in Space Flight 


GEORGE E. RuFF, M.D. 


Since it appears likely that emotional re- 
actions will influence performance of space 
crews, considerable attention has been fo- 
cused on the psychiatric problems expected 
in space flight. Areas under investigation 
include identification of potential sources of 
stress, creation of artificial environments, 
and selection of crew members. 


Nature of the Stress 


Studies of behavioral changes in space 
flight must begin by determining what con- 
ditions may be expected to produce emo- 
tional changes. Only by knowing which as- 
pects of a mission are psychologically stress- 
ful can we tell who should perform it and 
how he can best be protected from possible 
adverse effects. As long as we have had no 
direct experience in space, knowledge of its 
effects must be inferred from observations 
of behavior under stress on earth. These 
data can be derived both from accounts of 
natural stress experiences—such as polar ex- 
peditions or shipwrecks—and from labora- 
tory experiments, 

Particularly useful are experiments com- 
bining the controlled environment of the lab- 
oratory with the psychological impact of an 
actual mission. The Manhigh balloon flights 
and X-15 manned rocket experiments are ex- 
amples of this. Instrumentation for com- 
plete psychophysiological studies has been 
available for both of these missions. 

Recently the Aerospace Medical Labora- 
tory has carried out studies involving multi- 
ple stressors. In one of these, each of eight 
subjects was exposed to positive acceleration 
to blackout and transverse acceleration to 
12 g, heat of 140 degrees for two hours, 1 
hour in a pressure suit at a simulated al- 
titude of 65,000 feet, and three hours of iso- 
lation, Measures included a series of psy- 
chomotor tests, skin resistance, heart rate, 
and catechol amines. Complete pre-experi- 
mental psychiatric and psychological evalua- 
tions were done with follow-up interviews 
after each run. As might be expected, sub- 
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jects varied in their susceptibility to stress 
produced by such diverse methods. Some tol- 
erated acceleration well, but were less effec- 
tive in response to heat. Men with no ex- 
perience in the extreme confinement of a 
pressure suit had more difficulty than those 
trained in its use. 

A particularly interesting finding was the 
variation in excretion of 3-methoxy, 4-hy- 
droxy mandelic acid (a substance produced 
during the breakdown of both adrenaline and 
non-adrenaline) under different stress con- 
ditions. Acceleration produced by far the 
highest levels, The pressure chamber pro- 
duced a less marked rise, while heat and iso- 
lation produced no significant change. This 
agrees with other evidence that a short pe- 
r.od of isolation was not stressful for these 
subjects and that heat, though stressful, re- 
quires a parasympathetic rather than sym- 
pathetic compensatory effort. 


Artificial Environments 


To find out how emotional equilibrium can 
be maintained in an artificial setting, we 
must first know what the environment must 
provide if a man is to function effectively. 
One method of determining this is to ob- 
serve a subject living in a chamber which 
contains as few features of his usual envi- 
ronment as possible. Experiments of this 
type have been the source of information on 
methods employed by different individuals 
to gratify needs which cannot be satisfied di- 
rectly. They have also provided data related 
to problems of isolation, confinement, and 
sensory deprivation.' 

Although it is apparent that extreme states 
of isolation cannot be produced experimen- 
tally, the problem can be approached by 
placing individual subjects in a soundproof 
room and preventing contact with the out- 
side world. These studies indicate that iso- 
lation has many aspects, One is the feeling 
of “psychological” separation from other 
people. Another is separation by physical 
distance. A third type is cultural isolation, 
where the individual feels cut-off from any 
form of group identification. Still another 
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aspect of the problem is separation from fa- 
miliar surroundings. Most people function 
effectively only if they maintain meaningful 
relationships with other individuals and with 
the society in which they lve. If cut off from 
these ties, or if removed too far from their 
usual matrix of customs and experiences, se- 
vere disorders may develop. 


It is found that “geographic”’ isolation be- 
comes more bearable when “social” isolation 
is minimized. Physical separation of men 
from their fellow human beings can be thus 
made more tolerable if they maintain com- 
munication and possess a strong sense of 
identification with their society. 


Studies of individual and group confine- 
ment are in progress. These deal with prob- 
lems arising from restricting physical activ- 
ity and from various symbolic implications 
of enclosure in small places. They suggest 
that ‘‘claustrophobic” reactions are not com- 
mon in candidates for space missions, and 
indicate that a man may function effectively 
for at least a week if he has freedom to alter 
his position from sitting to lying or stand- 
ing. It also appears probable that confine- 
ment is more easily tolerated when a wide 
field of vision is available for maintaining 
orientation. 

When more than one person is dealt with, 
problems of interpersonal relationships arise. 
Because of limitations on the size of crew 
compartments, space vehicles will produce 
closer associations between individuals than 
those encountered during operations of other 
types. Submarine crews, for example, in- 
clude many small groups whose composition 
and location constantly shift as individuals 
alternate between duty and leisure periods. 
Members of a space crew, on the other hand, 
may have no opportunity to withdraw when 
friction arises. 


Just as different cultures develop forms of 
social organization adapted to particular 
needs, it can be expected that space crews 
will devise methods to make the stress of 
prolonged confinement more tolerable. Pre- 
liminary experiments indicate that tech- 
niques for handling the pressure of enforced 
interaction vary from group to group. Fu- 
ture studies will be directed toward identi- 
fying patterns of organization and customs 
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which can be emphasized in selecting and 
training crews. 

Because of reports that reduction in quan- 
tity and variability of sensory input may 
produce disorders of perception and thought’ 
sensory deprivation has been studied inten- 
sively in the Aerospace Medical Laboratory. 
Results of these experiments seem to depend 
on many variables, including personality 
characteristics of the subject.* The data in- 
dicate that adverse effects may be minimized 
by proper choice of subjects and experimen- 
tal conditions. 

It is probable that with careful attention 
to design of the vehicle and selection of crew 
members, sensory deprivation will not be a 
significant hazard during operations of less 
than a few weeks’ duration. Activities nec- 
essary for performance of the mission, re- 
creational facilities and messages from 
earth, should thus prevent “sensory depriva- 
tion effects” in members of early expeditions, 

Even with few of these advantages, the 
crew of Kon Tiki functioned effectively for 
more than three months in severely re- 
stricted quarters. Voyagers in the 15th and 
16th centuries lived on ships scarcely larger 
than the vehicles envisioned for Martian ex- 
peditions. In thinking they were headed 
toward a sea-monster infested boiling ocean, 
which might eventually end and pitch them 
into the void, these men were probably un- 
der greater emotional stress than future as- 
tronauts. 

With other conditions held constant, how- 
ever, impairment of thinking and perception 
appears to depend on both the extent of re- 
duction in variability of sensation and on the 
length of exposure. This suggests that a 
pattern of sensory input varied enough to 
support efficient functioning for several 
weeks may not be adequate for expeditions 
of many months duration. 

It is also apparent that altering sensory 
input involves much more than a change in 
the physical characteristics of stimuli. In- 
puts must be defined in terms of their sig- 
nificance to the individual rather than ex- 
clusively in terms of pattern and quantity. 
An abundance of flashing lights and ringing 
bells, for example, may fail to prevent dis- 
organization if they convey little informa- 
tion that is meaningful or if they can’t hold 
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the subject’s interest. Extensive research 
will be necessary before this problem can be 
clarified. 

Proper balance between a varied environ- 
ment and strict routine may be difficult to 
attain, Many lines of evidence suggest that 
a certain amount of routine is desirable un- 
der stress conditions, But too much monot- 
ony may give rise to serious problems. Most 
humans require periodic changes in the level 
and type of activity to avoid becoming 
“stale.” Maintaining sufficient variety of ex- 
perience to avoid deterioration of perform- 
ance will thus be an important problem for 
those who plan long-term space missions. 


Crew Selection 


Criteria for crew selection will remain ten- 
tative until the nature of psychological stress 
in space flights is more thoroughly under- 
stood. The principles employed during the 
present phase of the selection program are 
based on three sources of data. The first 
consists of reports on behavior under ‘“‘space 
analogous” conditions. Examples of these 
are the polar expeditions, shipwrecks, and 
high altitude balloon flights mentioned ear- 
lier. The second source is provided by lab- 
oratory studies of isolation and other 
stresses expected in space flight. Even 
though these experiments represent only a 
partial simulation of conditions in space, 
they offer a starting point for checking pre- 
dictions made from interviews and psycho- 
logical tests. 

A third source of data for developing se- 
lection criteria is found in studies of Air 
Force personnel who have demonstrated abil- 
ity to carry out unusual missions. Pilots of 
advanced test aircraft, for example, have 
often been screened by a selection system 
based on past performance and recommenda- 
tions of superior officers, Intensive personal- 
ity studies of men with experience of this 
type are now in progress. In this way, a 
pool can be established to provide candidates 
for space flight or other demanding assign- 
ments in the future. 

At the same time, results of testing men 
with histories of outstanding accomplish- 
ments should help answer a little understood 
question: What characteristics of an indi- 
vidual are associated with superior perform- 
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ance? These data will enable us to refine 
our present hypotheses related to problems 
of selection. 


Our current criteria are based on the prin- 
ciple that the individuals best qualified to 
withstand psychological stresses imposed by 
space flight will be those with a high degree 
of ego integration. This means that specific 
personality characteristics will be less im- 
portant than the capacity to harmonize in- 
ternal reality with external demands in a 
mature, flexible manner. By relating this 
general statement to the best available esti- 
mates of stress expected in space flight, the 
following conclusions can be drawn: 


(1) A high degree of intelligence is desirable. The 
crew member should have not only sufficient intel- 
lectual capacity to be trained in all aspects of a 
complex mission, but also pessess the problem solv- 
ing ability necessary for acaptation to rapidly 
changing circumstances. 

(2) Since severe anxiety may disrupt intellectual 
functions, careful screening will be necessary to 
eliminate candidates likely to become incapacitated 
by anxiety under conditions crews may encounter 
in space. 

(3) Crew members should be relatively free of 
neurotic symptoms. They should not be selected 
on the basis of a “tailor-made” form of psychopa- 
thology which appears compatible with the emo- 
tional demands of missions in space. Schizoid in- 
dividuals, for example, will not be chosen for their 
presumed ability to tolerate isolation. Subjects with 
exaggerated or stereotyped defenses of any type are 
potentially bad risks. 


(4) Candidates should not be overly dependent 
on others for the satisfaction of their needs. At the 
same time, they must be comfortable when the na- 
ture of the mission requires them to depend on oth- 
ers for its success. They must also tolerate close 
associations with other people when necessary, but 
be able to withdraw from others if the occasion 
demands. 


(5) Insofar as possible, candidates should be able 
to function away from familiar surroundings, when 
usual patterns of behavior may be impossible. They 
should not, for example, be dependent on accus- 
tomed time cycles or rigid concepts of spatial ori- 
entation. 

(6) Motivations must not depend only on the in- 
Gividual’s need for personal accomplishment. Care 
must be taken to avoid volunteers with exaggerated 
needs to “prove something” to themselves. Such 
subjects often seek risks to test the fantasy that 
“nothing can happen to me.” (This does not rule 
out the candidate who is dedicated to a missior. and 
hopes to prove its feasibility or importance. There 
is a significant difference between a man whose 
personality dynamics give rise to an intense desire 
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for the success of his project and one whose dy- 
namics require only some kind of personal achieve- 
ment.) 


(7) Of particular importance will be evidence of 
freedom from impulsivity. The crew member must 
act when action is appropriate, but must refrain 
from action when inactivity is appropriate. He 
must be able to tolerate stress situations passively, 
without requiring motor activity to dissipate anx- 


| iety. 


A general impression of the potential crew 
member’s emotional stability can be derived 
from a review of his personal history, psy- 
chiatric interviews and psychological tests. 
These offer a clinical impression of the 
strengths and weaknesses of his personality. 
Particular emphasis is placed on evidence of 
adaptability in resolving conflicts and react- 
ing to past problems. Predictions from ma- 
terial of this type are then tested in labora- 
tory stress experiments. As data concern- 
ing behavior during space missions become 
available, criteria can be more explicitly de- 
fined and more objective measures can be 
employed. 

Selection procedures ultimately depend on 
determining patterns of an individual’s psy- 
chophysiological reaction to the psychologi- 
cal and physiological demands of specific 
missions. Since capacity to tolerate one set 
of conditions does not necessarily correlate 
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with capacity to tolerate another, compro- 
mises are inevitable. A man who does well 
in isolation, for example, may have poor 
g-tolerance. Whether or not he is selected 
for a particular purpose will depend on which 
of these problems will be more crucial during 
the mission under consideration. 

It is to be hoped, of course, that men can 
be selected to withstand all stress-producing 
conditions expected in space flight. But al- 
though it is often possible for a man to meet 
a wide variety of physical demands, ability 
to tolerate psychological stressors may be 
more restricted. A serious problem for one 
man may not even be a problem for another. 
As a result, this research program cannot be 
based on sampling a few physiological vari- 
ables under a limited number of stress con- 
ditions. Only by a comprehensive study of 
all aspects of human functioning can we de- 
termine optimum methods of selecting can- 
didates for space missions. 
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Investigations of Possible Importance in Space Psychiatry 


A. J. SILVERMAN, M.D.,, S. I. COHEN, M.D., and 
B. SHMAVONIAN, PH.D. 


The age of aviation began quietly only 
about half a century ago. Now motivated 
by many forces, man stands at the brink of 
space ready to escape the gravitational field 
of the earth. Engineering science has pro- 
vided us with air craft systems and propul- 
sion systems capable of orbiting, and pre- 
sumably soon, we will have the capability 
of entering outer space. We wonder at the 
rapid advances made by our engineering col- 
leagues and wish that we in medical re- 
search had the ability to evaluate human 
functioning as accurately as the physical and 
engineering sciences are able to measure 
meehanical and electronic functions. 


In spite of the relatively severe physio- 
logic stresses to which man may be exposed 
in future space craft, it is likely that the en- 
gineer in cooperation with the aviation med- 
ical specialist will either be able to mini- 
mize these stresses or at least mitigate their 
effects. Emotional stresses of the space 
voyage, however, may be less malleable spe- 
cifically because they are more difficult to 
study. Further, even though the effects of 
a given physiologic stress are usually ame- 
liorated we may find ourselves facing a sit- 
uation in which an individual decompensates 
unexpectedly to a given physiologic stress 
due in part to an altered psychophysiologic 
state, a state in which the individual is less 
able to mobilize his physiologic reserves. An 
example of this phenomenon is the individual 
who ordinarily has rather adequate reflexes 
capable of giving him a pretty good g tol- 
erance. Under conditions of intense anx- 
iety, however, he may suddenly develop a 
low g tolerance and black out at less stren- 
uous g forces. Our previous work suggests 
that increase of endogenous adrenaline se- 
creted under conditions of intense anxiety 
may be one reason for the lowered g toler- 
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ance. Adrenaline, causing peripheral mus- 
cular vasodilation may increase blood pool- 
ing and thus decrease the effective head of 
pressure necessary to maintain the blood 
flow in the head and eyes.’ 

It is certainly difficult to be able to predict 
accurately which facets of the space voyage 
will prove to be the most psychologically 
stressing for the individual. A good example 
of our inability to predict the stressing event 
lies in the phenomenon of weightlessness. Not 
too long ago, the prediction was that weight- 
lessness would prove to be so disorienting 
for the individual, so strange a state of af- 
fairs that many people would develop acute 
anxiety upon being exposed to it. However, 
our experience with weightlessness, limited 
though it be, certainly suggests that this is 
anything but a stressful condition for many 
individuals. Indeed, when I first saw Dr. 
Ruff’s brief movie depicting laboratory per- 
sonnel floating around in an aeroplane with 
broad smiles on their faces, I developed an 
intense, albeit brief, desire to have the ex- 
perience myself. 

Theoretically, I suppose, a space psychia- 
trist is one who is interested in the psycho- 
logical and psychophysiologic responses of 
an individual to the unusual and unknown 
environments which will form part of the 
space voyage. Presumably also, the space 
psychiatrist will be involved in the amelio- 
ration of whatever untoward effects eventu- 
ate. If one accepts this definition it then 
seems quite clear that it is somewhat pre- 
sumptuous for us to imply by our presence 
here that we are experts in space psychiatry. 
At the risk of being a little facetious, after 
all, with very few exceptions, most of us 
have never even been in outer space. Very 
few as a matter of fact, have even had the 
perhaps somewhat more mundane experience 
of a ride in a submarine. With very few ex- 
ceptions, notably George Ruff, most of us 
have not been exposed to or have first hand 
knowledge about some of the presumptive 
stresses that man will encounter from a psy- 
chiatric point of view in outer space, Dr. 
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Ruff has of course been involved in a selec- 
tion program, a program which has culmi- 
nated in the choice of the seven astronauts. 

In spite of the fact, however, that, as I 
have indicated above, very few of us have 
much basic knowledge about which stresses 
we must guard against and which responses 
we must look for, there are of course certain 
issues which will undoubtedly be pertinent 
to the problem. Perhaps the best position 
to assume is that of the earth bound scien- 
tist, some of whose data may have some 
bearing upon the issues presumably to be in- 
volved in space travel. In one sense, any 
behavioral or psychophysiologic research 
data could be presented as being pertinent 
to the issues at hand. However, we shall 
confine our attention to two areas of research 
which seem to us to be of more immediate 
concern, One such area is that of isolation 
or sensory deprivation. 

The work of the Psychophysiology Labo- 
ratory at Duke University has since its in- 
ception in 1957 been preoccupied with cer- 
tain focused psychophysiologic investiga- 
tions which aim toward the prediction of 
psychophysiologic responses in specific indi- 
viduals exposed to specific stressful condi- 
tions. One of these conditions has been the 
exposure of individuals to two hours of a 
low sensory input environment. If one con- 
siders the literature on sensory deprivation 
one is struck by the fact that although ego 
deterioration has been reported as well as a 
wide variety of judgemental and sensorial 
defects, that the results from laboratory to 
laboratory have varied widely due in part, it 
has been suspected, to differences in popu- 
lations.** Certainly one way to explore this 
problem of variability in populations would 
be to deliberately expose two different kinds 
of populations to the sensory deprivation en- 
vironment, It would be quite helpful, too, 
if the groups could be identical in every re- 
spect except in the way in which they re- 
sponded to a period of isolation. In the de- 
velopment of a hypothesis which would at- 
tempt to predict who will respond with great- 
est distress to a low sensory input environ- 
ment and who will respond with least dis- 
tress, some leads were offered by a Ph.D. 
candidate, George Greenberg, working with 
our group. Our attention was thereby drawn 
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to the work of Witkin and his group who 
have identified the usefulness of the per- 
sonality dimension which we may call the 
body field dimension.* Using the draw a per- 
son test and portions of the rod and frame 
test, Witkin determined that those individ- 
uals who depended on the slope of the frame 
to adjust a luminous rod to the vertical could 
be assumed to be field oriented while those 
who used their own proprioceptive internal 
cues to adjust the rod to the vertical were 
body oriented. With this framework, a pilot 
study was designed at our laboratory to in- 
clude two small populations: the extreme 
body group and the extreme field group. The 
details of this experiment are being reported 
elsewhere.* Suffice it to say, for the time be- 
ing, that these two populations responded to 
the low sensory input environment in con- 
siderably different ways. The field group was 
as a class, much more highly aroused by the 
experience than the body group when one 
used the galvanic skin response as a periph- 
eral index of arousal. These findings were 
supported by E.E.G. data as well. Neuro- 
logic tests of two point discrimination and 
letter identification revealed the body group 
to perform much more accurately than the 
field group, 

Interview data also recorded a rather dis- 
tinctive split between these two groups. The 
field group had many more “hallucinations,” 
auditory as well as visual. A rather inter- 
esting finding was that of the suspected or- 
igin of the perception. In other words, those 
of the body group who did have auditory and 
visual imagery inevitably related this imag- 
ery to something going on inside of them 
(e.g. ears buzzing, phosphenes, etc.). The 
field group, who had false perceptions, inev- 
itably determined that these perceptions 
came from outside themselves. It seems clear 
that we are not saying that if you are field 
oriented you have no business being up in a 
space ship. Indeed, it may be possible that 
the extremely body oriented individual may 
miss subtle environmental cues that the field 
individual with his close attention to exter- 
nal cues would pick up. Further, we have 
all learned that individuals representing ex- 
tremes of any single behavioral or physio- 
logical dimension frequently may not func- 
tion optimally in general. Certainly the im- 
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portance of the body field dimension would 
also vary considerably depending upon the 
specific nature of the environment our as- 
tronaut were in and what functions were re- 
quired of him, For the time being, it seems 
valid to state only that two hours of sensory 
deprivation in a iaboratory situation re- 
sulted in greater arousal among the field 
oriented group than the body oriented group. 
Nevertheless, it would be interesting indeed, 
to apply the rod and frame test to our seven 
astronauts. 

The work which has been briefly men- 
tioned above is yet another illustration of 
the fact that the impact of a given situation 
upon an individual varies according to the 
meaning of the stress to the person. De- 
pending in part upon the meaning of the 
stressful situation to the individual, greater 
or lesser central nervous system arousal will 
occur. However, whatever it is that has 
caused the arousal, one may certainly con- 
sider that the response capacity of the or- 
ganism depends directly upon that level of 
arousal. Thus, we recognize that in drowsi- 
ness and in sleep the performance capacity 
of the individual is low. However, when one 
loads this system lightly with minor stresses, 
the performance capacity of the individual 
improves to some theoretical optimal point. 
Finally, as the system is stressed very heav- 
ily and arousal of the nervous system is in- 
tense, the functioning capacity of the indi- 
vidual may deteriorate badly. This of course, 
is well known in panic states. It seems quite 
clear that any instrument which would as- 
sess or perhaps monitor the state of arousal 
of the central nervous system at any one 
time would be extremely valuable. Work in 
our laboratory and at the Aero-Medical Lab- 
oratory at Wright-Patterson Air Force Base, 
has reexplored the use of the galvanic skin 
reflex as such an indirect index of arousal. 

In a series of investigations reported else- 
where, it was demonstrated that when a per- 
son was mildly aroused as indicated by his 
GSR responses his performance on a psycho- 
motor test increased over that of the resting 
state. There was a further increase when 
he was optimally aroused. However, as cen- 
tral excitability increased further and he be- 
came hyper aroused, hyper alerted and pan- 
icky, the individual’s ability to organize and 
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indulge in goal directed behavior began to 
show decrements. However, with this frame 
of reference it seems likely that it is not only 
psychomotor performance which varies ac- 
cording to state of arousal, but also the abil- 
ity to perceive, apperceive, integrate and or- 
ganize which is involved prior to the actual 
performance. The concept that perceptual 
thresholds might vary according to the cen- 
tral nervous system state of arousal, has ob- 
vious impiications for space flight, if our 
space pilot will be required to perform at 
high levels of oiganization in response to 
subtle or near threshold external cues. 

Work going on in our laboratory at pres- 
ent, is attempting to demonstrate the exist- 
ence of the phenomenon of perceptual thresh- 
old variation. As yet, only few subjects have 
been run through an experiment, which may 
be briefly summarized as follows. Threshold 
to a tactile stimulus is found. Once found, 
these stimuli continue to be presented to the 
subject in random order under differing 
states of arousal as measured by the gal- 
vanic skin reflex. All the data collected sug- 
gests a uniform phenomenon. The number 
of “threshold” stimuli to which the subject 
gives a G.S.R. response increases linearly 
with the state of arousal as long as the sub- 
ject does not become hyper alerted. Simi- 
larly the amplitude of these responses also 
increases linearly with arousal. Presumably 
(and this will be delineated further in fu- 
ture experiments) if one were to push the 
subject into high levels of agitation and CNS 
excitation one might see decrements in per- 
ceptual thresholds. The above brief illus- 
trations represent examples which the au- 
thors feel may have pertinence in investiga- 
tions dealing with the psychophysiologic 
problems of space flight. 

In order to understand the psychophysio- 
logic responsivity of an organism in any 
given situation our laboratory has taken the 
position that one must study many facets of 
the individual’s functioning as they relate 
and interrelate in the particular condition 
under investigation. 

In our previously reported focused multi- 
dimensional investigations on g tolerance for 
example, it was necessary to explore the 
average response traits of the individual, the 
intensity of central nervous system arousal, 
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the performance level, the physiouogic re- 
sponse, his emotional state before and during 
the time of the stress as well as the neuio- 
hormonal correlates.**:* 

Of course g tolerance is used only as an ex- 
ample. In order to permit a more global 
evaluation of pilots and crews of space craft 
of the future, many more factors would have 
to be considered. If a series of psychophys- 
iologic relationships can be established, then 
it is conceivable that measures could be de- 
veloped to specifically measure the stress 
tolerance and stress responsivity of the crew. 
Of course, there are other implications in 
this approach, If the pathways and activi- 
ties which underly thinking, feeling and be- 
havior can clearly be delineated, then meth- 
ods to increase the efficiency of the human 
organism are possible. Further, if we are 
able to identify the specific stresses inherent 
in an operational environment, and are able 
to assess the psychophysiologic responsivity 
to these stresses, then improved selection 
techniques for specific operations are more 
likely. 

In conclusion, it is suggested that the mul- 
ti-dimensional focused approach to the study 
of psychophysiologic stress responsivity, 
will result in many insights of operational 
as well as clinical significance, for the earth- 
bound as well as the space psychiatrist. 
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Space Science and Research in Human Behavior 


CHARLES E. GOSHEN, M.D. 


Space Science: Organization 


There is now in operation within our gov- 
ernment what amounts to a crash program 
designed to get a man into space. Although 
research leading to this objective has been 
going on at the Air Force Medical School 
(Randolph Field, Texas) for the past ten 
years, it has captured the concerted atten- 
tion of nearly all military and civilian agen- 
cies only during the past two years. 

The responsibility for developing and co- 
ordinating the various activities related to 
man-in-space rests with the following 
groups: 


1. National Aeronautics and Space Admin- 
istration (NASA): This is a civilian agency 
answering directly to the President recently 
established under the directorship of Dr. T. 
Keith Glennan. Although primarily con- 
cerned with the civilian aspects of missile 
development and associated hardware, in Au- 
gust 1959 the NASA announced the estab- 
lishment of a Bioscience Advisory Committee 
(Lovelace Committee). The function of this 
group is to advise the Administration on the 
biological aspects of space research. 

2. Advisory Committee on Man in Space: 
(ARPA — Advanced Research Projects 
Agency): This is a group of civilian and mil- 
tary advisors with the Department of De- 
fense and was the original group to concern 
itself with the military aspects of space sci- 
ence. Its present status is uncertain. 

3. Space Science Board of the National 
Academy of Sciences: This is a committee 
which evolved from the Committee on Space 
Research of the International Geophysical 
Year. It is concerned with the broad issues 
of satellites and other missiles as they per- 
tain to science. 

4. The Armed Forces-National Research 
Council Committee on Bio-Astronautics: This 
is a large group of over 160 members includ- 
ing representatives from the Army, Air 
Force, other government agencies, universi- 


From Division of Medical Sciences, National Acad- 
emy of Sciences, National Research Council, Wash- 
ington, D.C. 


ties, and industry. It was established by 
joint action of the various military services 
and the National Research Council, and is fi- 
nanced by the former and administered by 
the latter. It was officially set up in Novem- 
ber 1958 and held its first major plenary 
meeting during the month of July this year. 
It is chaired by Dr. Otto Schmidt, Professor 
of Zoology and Physics at the University of 
Minnesota. Dr. Sam Seeley is full-time ex- 
ecutive secretary, is on the staff of NRC, and 
had previously been a general officer in the 
Army Medical Corps. 

The rapidity of the development of inter- 
est in space science has produced some un- 
certainty as to the appropriate division of 
responsibility, and this has produced some 
overlapping which has probably worked out 
for the good of all. The predictable strug- 
gle for power has been considerably offset 
by the fact that the same individuals serve 
on more than one of the above-mentioned 
boards. It appears now that NASA will 
come to emphasize the area of civilian mis- 
sile development, the Air Force will be re- 
sponsible for military development, and the 
principal activities in biological investigation 
will be coordnated by the NRC Commttee on 
Bio-Astronautics. 

The Bio-Astronautics Committee is di- 
vided into a number of panels, each respon- 
sible for one of the major categories into 
which the total problem has been divided. 
These are: (1) Panel on Extra Terrestrial 
Life, (2) Panel on Closed Ecological Sys- 
tems, (3) Panel on Acceleration Stress, (4) 
Panel on Biological Orientation and Naviga- 
tion, (5) Panel on Radiation Biology, (6) 
Panel on Bio-Engineering of Protective Sys- 
tems, (7) Panel on Bio-Instrumentation, (8) 
Panel on Long Range Problems, (9) Panel 
on Information, (10) Panel on Psychology. 

The specific and general problems which 
current knowledge suggests to be the prime 
targets for research are as follows: 


A. Physical Problems 
1. Biological Reaction to Physical Forces 
a. Weightlessness 
b. Linear acceleration at take-off and landing 
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c. Angular acceleration 
d. Tumbling and random movements 
e. Noise and vibration 
f. Collision with space debris 
2. Biological Response to Radiation 
a. Cosmic rays and the Van Allen Radiation Belt 
b. Thermal and light radiation 
3. The Atmosphere Within and Without the Biologi- 
cal Capsule 
a. Oxygen supply, humidity, temperature, pres- 
sure 
b. Toxic gases, ionized particles, odors 


B. Life Support Problems 
1. Biological Input 
a. Food, water, oxygen, heat 
2. Biological Output 
a. Food waste, water, carbon dioxide, urine, heat 
3. Recycling Problems 
a. Conversion of output into material suitable 
for input 
b. Energy and equipment needed for recycling 
processes 


C. Telemetry 

1. Bio-instrumentation 

2. Power supply, storage and transmission of data 
3. Ground support, ground control 


. Selection and training of personnel 

. Human performance, motivation 

3. Special stresses: Fear of safe return, isolation, 
sensory deprivation, boredom, discomfort, esthe- 
tics, orientation, perception, inactivity, and re- 
straint 

4, Effectiveness of the human servo-mechanism in 
the man-machine system 


D. Psychological Problems 
1 


E, Long-Range Problems 

1. Sociological implications (political, etc.) 

2. Coordination of multi-phasic disciplines 

3. Biological contamination, extra-terrestrial life 

4. Coding, storing, and retrieval of research infor- 
mation 


Appraisal of the Methodology of Human 
Engineering Research 


The principal groundwork and nearly all 
the precedents which have been laid down 
in the field of space-science have been accom- 
plished by the physical sciences. Biological 
science in general, and medical science in 
particular, have characteristically entered 
the picture much later. As a consequence, 
the dominant influences and the major ad- 
ministrative controls are in the hands of 
people whose interests and skills are directed 
primarily toward hardware development. In 
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spite of the miraculous advances made by 
these people in the design of machines, it has 
become necessary to think of putting man 
into space only because of the limitations of 
these machines. 

Ideally, we could accomplish everything 
we wish in space science by relying entirely 
on the machine as our space probe, with 
man comfortably situated on the ground re- 
motely guiding the exploration and inter- 
preting the findings. The engineer, however, 
does not see this as possible in the foresee- 
able future. In order to make up for the 
deficiency in hardware development, he has 
to rely on what he would regard as a bio- 
logical servo-mechanism, or semi-automatic 
pilot, that is, man. In other words, we are 
not contemplating putting man into space 
because this is a primary objective, but for 
the purpose of overcoming the limitations 
of the unmanned vehicle. Conceivably, fu- 
ture developments could make the human 
passenger unnecessary. The reason for 
pointing this out is that man-in-space is be- 
ing seen as an engineering expediency. The 
emphasis, therefore, is on the mechanization 
of the man and not on the humanization of 
the machine. The sociological implications 
of this trend demand a careful appraisal of 
our entire technological approach. 

We might ask ourselves, for example, if 
we can afford the luxury of these exciting 
adventures into space at a time when civili- 
zation is teetering on the brink of destruc- 
tion because of our failure in the past to 
keep sociological progress abreast of tech- 
nology. As we know, science has already 
created the capacity for man to destroy him- 
self before it has succeeded in finding ways 
by which man can live with himself. Central 
to this philosophical question is the perva- 
sive and dominant influence of engineering 
thinking in the conduct of human affairs. 
This observation is not meant to condemn 
the engineer, for he is only filling a vacuum 
created by the failure of others whose re- 
sponsibility it is to preserve rather than de- 
stroy man. Much of this responsibility we 
entrust to our political leaders who, though 
often well-intentioned, are not always well- 
informed. 

In the past, our religious leaders often 
served as the custodians of humanism, but 
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their effectiveness has been permanently par- 
alysed through the process of fragmenta- 
tion. There remains only one group whose 
dedication to human welfare is accepted by 
all, and is capable of transcending political 
and other barriers. This is the world of 
medicine. A significant segment of this world 
having a very special interest in the all-im- 
portant problem of human relations is the 
field of psychiatry. Unfortunately, however, 
psychiatry confines so much of its efforts to 
the study of the end results of human fail- 
ure that little is done about its prevention. 
Perhaps today’s point in history is an ap- 
propriate time for psychiatrists to decide 
whether to continue dumping most of our 
resources into the bottomless morass of our 
mental institutions, or whether to concen- 
trate our limited manpower on keeping peo- 
ple out of these institutions. The latter ob- 
jective would have all the sociological im- 
plications inherent in a program designed to 
bring about peaceful solutions to interna- 
tional problems, inasmuch as they would be 
pointed toward finding ways of helping peo- 
ple live together peacefully and productively. 

Of more immediate interest than the broad 
philosophical questions raised above, but 
part and parcel of them, is the question of 
the methodology being employed in human 
behavior research. What is going on in this 
regard in space-science research is quite 
characteristic of that which goes on exten- 
sively elsewhere and can be used, therefore, 
as an example to illustrate current trends. 
The dominance of engineering thinking in 
space-science has been responsible for a cer- 
tain methodology being applied to that part 
of space research which goes under the name, 
sometimes, of “psychology” and other times 
of “human engineering.” This methodology 
is the one which the engineer is familiar 
with, namely Quantitation. Since the en- 
gineer sees the human as a servo-mechanism, 
he does not hesitate to assume that humans 
are susceptible to the same kind of analysis 
as the machine. His approach is basically 
the application of the so-called “laws” of 
physics and chemistry to useful manipula- 
tions of matter and energy. Mathematics is 
the language he uses to record, to translate, 
and to communicate his findings. He sees 
any physical phenomena as the resultant of 
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various physical forces, each of which can 
be isolated and measured in the laboratory. 
He has mastered the science of physics effec- 
tively and has applied his knowledge to the 
development of useful machines, It is no 
wonder that his success in designing ma- 
chines which have almost human qualities 
would lead him to approach the study of hu- 
mans with the same methods. He has, there- 
fore, allied himself with and has given sup- 
port to that group of people in the field of 
human behavior which employ his kind of 
methodology. This group is made up mostly 
of psychologists, and to some extent statis- 
ticians, anthropologists, sociologists, and 
even some psychiatrists. 

To all intents and purposes, the theoreti- 
cal basis for modern psychology is quite 
comparable to that of engineering. Both see 
their end products, the performance of a 
machine in the one instance and the perform- 
ance of a human in the other, as comparable 
phenomena. Both regard their end product 
as something resulting from the action of 
several component forces. The studies which 
occupy their attention consist of the quan- 
titative measurements of these parts. Both 
express their findings in terms of mathemat- 
icai equivalents. Since the thinking and the 
methodology of the two fields are essen- 
tially the same, it is small wonder that the 
engineer regards the psychologist as a use- 
ful ally and enlists his aid when human en- 
gineering problems arise. Such is the situa- 
tion in the investigations going on in respect 
to the man-in-space program. Beyond these 
limits, there is a widespread dominance of 
the same kind of thinking prevailing in a 
great deal of what passes as mental health 
research in general. Although the broader 
field of human behavior is not dominated by 
engineers, it is to a very large extent con- 
trolled by another group of professionals 
whose processes of thinking and theoretical 
approaches are strikingly similar, This 
group is the one made of statisticians plus 
others whose training in their profession has 
not gone beyond a mastery of statistical ma- 
terial. These people, too, see quantitative 
measurement as the logical, or only, method 
for the study of human behavior. The point 
of these observations is to lead up to a chal- 
lenge to this prevailing concept, namely that 
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human behavior is measurable and that use- 
ful information can be derived from meas- 
urements. If we can successfully establish 
the incorrectness of this concept, we will 
have substantially undermined the theoreti- 
cal foundation on which the field of psychol- 
ogy and related studies have been built. To 
the extent to which the same kind of think- 
ing has invaded psychiatry, a similar re-ap- 
praisal of basic concepts would be in order. 

The basic principle on which is founded 
the engineer’s study of machines is the New- 
tonian assumption of the lawfulness of mat- 
ter and energy. The concept of the appar- 
ent law-abiding properties of nature is de- 
rived from the assumption that a given set 
of forces will uniformly and invariably yield 
a certain result. Modern Einsteinian physics 
shows us that the presumed rigidity and pre- 
dictability of the phenomena of nature are 
only empirical probabilities, and not an in- 
trinsic characteristic of matter and energy. 
Nevertheless, the older Newtonian concepts 
have useful pragmatic applications within 
certain limitations. Psychology employs the 
technique of the old physics, that is meas- 
urement, and makes the same old theoretical 
assumptions of cause and effect. It seeks 
both clues to cause and predictions of the 
future from quantitation of component parts 
of the status quo. It further assumes that 
there exists a one-to-one relationship be- 
tween any particular behavioral manifesta- 
tion and some pre-existing causes or set of 
causes, This implies that replication of the 
alleged causes will produce identical result- 
ant behavior. It alleges that human lab- 
oratory experiments, or animal studies, rep- 
resent models equivalent to “natural beha- 
vior,”’ and that the findings of the former 
are applicable to studies of the latter. It 
further assumes that any distribution curve 
which shows the ranges of variation in be- 
havior is the result of physical probability, 
and therefore represents a true picture of 
human capability. Not only is the assump- 
tion made that parts of human behavior are 
measurable in quantitative terms, but also 
that instruments can be designed to do the 
measuring. Furthermore, these instruments 
are alleged to be free of human bias and in- 
dependent of human judgment. 

These assumptions can be challenged in 
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the following way: Human behavior, when 
viewed either as a fragment or a totality, is 
in essence a product of human creativity 
and therefore subject only to qualitative 
analysis, by definition. Each individual’s 
way of thinking, therefore his way of living, 
is a series of inventions fabricated from the 
data of his past experience and woven into 
a more or less consistent fabric according 
to the particular pattern which that individ- 
ual chooses to be his particular and charac- 
teristic trademark. In the same way that 
the csthetice qualities of famous works of art 
are not susceptible to meaningful measure- 
ment, human behavior in general (of which 
artistic creations are examples) cannot be 
measured with the techniques of physics or 
mathematics, It is true, for example, that 
measurements of the areas, the weights, the 
distribution of various pigments, etc., of 
good paintings can be arrived at with great 
precision, and will be found to form classi- 
cal bell-shaped distribution curves when the 
data from many observations are consoli- 
dated. However, the esthetic quality of 
beauty will not be derivable from the meas- 
urements, Moreover, the same type of meas- 
urements, when applied to a comparable sam- 
ple of bad art, will be indistinguishable from 
a sample of good art. As with art, our con- 
cern with human behavior is in connection 
with the issue of whether it is good or bad. 
Also, as in the case of art, our tastes or 
judgments as to goodness or badness can, 
and do, vary from one period of history to 
another, from one social class to another, 
and from one individual to another. The 
Victorian over-ornamentation which was 
widely considered to be in good taste 60 
years ago is now looked upon as absolutely 
revolting. Likewise, the flowery oratory of 
our political leaders of the last century, 
highly esteemed then, would receive scant 
respect in estimating an individual’s qualifi- 
cations for high office today. Within the 
boundaries of what is considered good art, 
or good human behavior, there exists a wide 
latitude for individual variation. The fact 
that this is not quantitatively measurable is 
not a result of an inferiority of our skill, but 
is, instead, a true expression of the facts. 
What misleads the psychologists into 
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thinking that human behavior is measurable 
is his observation that, among any group of 
people there is a tendency for the majority 
to cluster around what appears to be an aver- 
age, or norm, and for minority groups to de- 
viate to the extremes. In actuality, this find- 
ing is a manifestation of the human tendency 
to adjust through conformity. This, in turn, 
is a result of the human tendency to increase 
the possibility of survival through group 
action. What mode of behavior the majority 
happens to conform to may be very arbi- 
trarily chosen, on the basis of what some 
leader has selected, for example. Likewise, 
the minority groups which make up the ex- 
tremes on the bell curve are manifestations 
of the tendency for smaller numbers of peo- 
ple to seek non-conforming means of adjust- 
ing, and these too are arbitrarily determined, 
being based primarily on selecting behavior 
which is characterized only by being differ- 
ent from the majority. 

Even more misleading to the psychologist 
is the tendency for most human subjects un- 
der examination to try to make a good im- 
pression, and for a smaller number to be ei- 
ther indifferent or rebellious. These atti- 
tudes will also produce bell-shaped distribu- 
tion curves in an experimental situation and 
will give no useful information at all about 
the behavior of the same indivduals under 
non-experimental conditions, The behavior 
of a group of humans in a test situation re- 
veals only how these individuals behave, at 
that time, in that particular test situation. 
The psychologist does not realize this, how- 
ever, for when he makes observations on 
“natural” behavior, he obtains the same kind 
of curve, convincing him that the individual 
members behaved in the test situation the 
same as under “natural” conditions. Inves- 
tigation of each subject will reveal that there 
is little correlation between the behavior of 
any individual in the test situation and his 
behavior under normal conditions. This in- 
consistency is simply a manifestation of the 
well-known fact that people do not consist- 
ently practice what they preach and will, 
therefore, behave differently in reality than 
they do in a hypothetical situation. 

The psychologist appreciates the error 
which is inherent in making generalizations 
from the measurement of one part of one 
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person’s behavior. He claims, however, that 
the error is distilled out if he makes a large 
number of observations on a large number 
of people. This, of course, is not true, for 
errors are just as likely to be accumulative 
as they are to be self-neutralizing. For ex- 
ample, if we measure a mile with a 37-inch 
yardstick, we accumulate a total error of 140 
feet. In any event, no generalizations de- 
rived from a large sample can be applied to 
any individual within the sample, and there- 
fore does not contribute to the understand- 
ing of the individual. 

The original studies made by psychologists 
forty years ago were the ones performed un- 
der the guise of “intelligence testing.” These 
were nothing more than educational achieve- 
ment tests already developed by teachers. 
The psychologists, however, somehow con- 
vinced everybody that when they adminis- 
tered these tests, the resulting scores had 
a very special significance which they called 
“intelligence quotient.” This myth is still 
widely accepted. After achieving this suc- 
cess, psychologists were asked to devise pa- 
per and pencil methods of screening individ- 
uals for certain military and industrial as- 
signments on the basis of personality char- 
acteristics. There developed then, during and 
after World War II, a large variety of “‘per- 
sonality tests” which consisted of predeter- 
mined questions designed to elicit personal- 
ity traits. Again, these were nothing more 
than standardized personnel interviews but 
disguised to appear as something else. The 
latest trend shows an increasing tendency of 
the psychologists to use their methods to 
do neurological testing. This consists of 
measurements of central nervous system ac- 
tivity. Although it is true that these are 
measurable phenomena their connection with 
human behavior is exceedingly remote. They 
represent only the tools by which behavioral 
characteristics are produced and do not re- 
flect the quality of the product. These stud- 
ies, which are now very popular and highly 
subsidized, would be comparable to one 
which seeks to distinguish Democrats from 
Republicans by measuring knee reflexes or 
visual acuity. 

The tedious details we have gone through 
above are designed to lead up to an impor- 
tant philosophical point, and that is, the 
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true nature of scientific thinking. Statisti- 
cally trained people, of which psychologists 
are one example, are inclined, naively, to be- 
lieve that “science” is a technique, and that 
this technique is one which is necessarily 
quantitative, and that no study can be sci- 
entific unless it is quantitative. The truth 
is, however, that “science” is a way of think- 
ing about nature. This way is one charac- 
terized by two all-important qualities; one 
of which is curiosity and the other is objec- 
tivity. Both of these are attributes which 
only humans can possess, and not machines 
or instruments. They may or may not be 
present in the person who calls himself a 
“scientist.” Objectivity, for example, is not 
merely some quality which can be expressed 
in numbers, but is one which characterizes 
a particular point-of-view. In other words, 
an “objective” person will invariably conduct 
studies which are lacking in objectivity, re- 
gardless of what kind of a sample or what 
kind of an instrument he chooses. 

In spite of any hopes we might have to the 
contrary, the only way of removing human 
bias is to remove biased humans. This is, 
in short, another way of putting the old tru- 
ism, ‘Figures do not lie, but liars do figure.” 
It is not fashionable today to place any re- 
liance on the judgment of individuals, and 
this is as true in the field of human behavior 
as it is in politics or law. No finding is likely 
to receive much recognition unless it is sup- 
ported by statistics or has been arrived at 
by the action of a committee. In psychiatric 
research, clinical judgment receives scant 
credit, and can hardly ever be used as a basis 
for getting a research grant. Nevertheless, 
every thoughtful person will agree that clini- 
cal judgment is, rather than statistics, the 
only and necessary tool to use in the treat- 
ment of patients. One wonders how statis- 
tically trained people resolve this paradox 
wherein the clinical judgment of a physician 
who treats his patient through studying 
the whole person is regarded as quite accept- 
able for clinical practice, but is rejected as 
a method having value for research. The 
sociologists were perhaps the first to reject 
individual judgment as a tool in research on 
the naive grounds that it necessarily means 
moral bias. The other professions have 
tended to follow this thinking without ques- 
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tioning it, and in no case have they become 
familiar with what we in medicine know as 
“clinical judgment,” which has nothing to 
do with morality. We often hear complaints 
today about the scarcity of opportunities for 
expressions of individuality and originality 
and the corresponding demand on everyone 
to conform. The basis for this, to the extent 
to which it is true, rests on the ways in 
which our society has disparaged human 
judgment in favor of inhuman statistics. Ba- 
sically, the problem boils down to this: It is 
not commonly regarded as being possible to 
make qualitative judgments from an objec- 
tive point-of-view. Instead, it is erroneously 
assumed that quality judgments necessarily 
mean personal bias. 

In summation: we have taken the brand 
new subject of space-science as a take-off 
point to illustrate the way in which the 
mechanistic thinking of the engineer is be- 
ginning to dominate the studies pertaining 
to the psychological problems of man-in- 
space. We extend this to the general field 
of mental health research in which the pre- 
dominant thinking is typified by an unques- 
tioned assumption of the validity of quanti- 
tative studies of human behavior and this 
is the modus operandi of the psychologists. 
We then challenged the validity of the basic 
assumption on which this approach is based. 
A plea was made briefly for a reconsideration 
of the value of clinical judgment as a re- 
search tool, A final plea is now offered for 
consideration: If we can agree that the most 
valid approach to the study of human be- 
havior is necessarily one which employs the 
experienced qualitative judgment of an ob- 
jective observer who views the individual hu- 
man subject as a whole entity, and that the 
more commonly accepted method of statis- 
tical studies of parts of human behavior is 
invalid, then we need to let this be known, 
widely and loudly. Otherwise, mechanistic 
thinking will displace humanistic thinking in 
ways that may become disastrous to our 
whole social system. In short, let psychia- 
trists be the ones to keep the other scientists 
informed of the fact that things are suscep- 
tible to quantitative analysis because they 
are things, but that humans can be studied 
in a qualitative way only, because they are 
human, 
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Neuropsychiatric Aspects of Space and Depth Medicine 
CaPT. JACK L. KINSEY, MC, USN 


Introduction 


The neuropsychiatric aspects of submarine 
and space travel have striking similarities 
as both deal with problems associated with 
the sealed cabin environment. These prob- 
Jems are old acquaintances of submarine per- 
sonnel who have lived with them and, in 
some cases, in spite of them for over fifty 
years. The experience gained through fifty 
years of observing and working with operat- 
ing submarines will aid submarine medical 
personnel in solving the problems posed by 
our new and more complex submarines. Sub- 
marine operations throughout the years, if 
one overlooks the strictly combat situations, 
have gradually become more extended and 
more intricate. For example, fleet type sub- 
marines during World War II depending 
upon diesel engines and storage batteries for 
propulsion could remain submerged, at low 
speeds, for periods counted in hours, while 
now nuclear powered submarines, independ- 
ent of oxygen for combustion and the limi- 
tations of storage batteries, can remain sub- 
merged at high speeds for weeks, even 
months, New equipment permits accurate 
navigation without celestial observations for 
days at a time allowing submarines to cruise 
in remote areas, such as under the polar ice 
cap for periods of time considered impossible 
a few years ago. New weapons have been 
added such as the intermediate range bal- 
listic missile, Polaris, which will constitute 
the major fire power of Fleet Ballistic Mis- 
sile Submarines (SSB(N)s, and create a de- 
terrent force and a submarine mission with- 
out precedent. 


What are the neuropsychiatric implica- 
tions of such radical advances in the pene- 
tration of “inner space,” the depths of the 
sea? It seems obvious that multiple stress 
provoking factors would be associated with 
nuclear powered submarine operations and 
that they can be expected to increase rather 
than decrease in the future. The subma- 
riner’s external environment is expanding in 
both depth and duration of submergence. 
This is in direct contrast to the internal en- 


vironment. Operating personnel are faced 
with a contracting environment as they have 
the same limitations of space that exist for 
shorter cruises. This implies a relative de- 
crease in sensory inputs principally due to 
lack of variety of stimuli, and by the same 
token limitation of space tends to impose 
stress by a reduction of energy output. Add 
to these factors, the stress producing aspects 
of long periods of isolation, repetitious activ- 
ity and the usual hazards of navigating be- 
low the surface and you can understand the 
interest and concern with the growing list 
of potential sources of performance degra- 
dation. 


One must also consider the matter of at- 
mospheric control. The submarine no longer 
needs to surface to recharge its batteries, so 
a habitable atmosphere must be supplied 
from within the submarine rather than be 
revitiated by ventilation with outside air. 
The basic problems of atmospheric control 
are much the same in space vehicles and sub- 
marines; namely, to furnish an adequate ox- 
ygen supply for human survival and to con- 
trol concentrations of contaminants to a de- 
gree compatible with human health and com- 
fort. 


While the man-made atmosphere on the 
submerged submarine involves stresses prin- 
cipally in the physiological area, neverthe- 
less, psychological implications cannot be 
avoided, Anxiety increases and psychoso- 
matic symptoms occur on occasions, for ex- 
ample, the number of headaches increase sig- 
nificantly when the carbon monoxide con- 
centration approaches the stated tolerance 
level, even though on occasions, it has been 
shown later that the analyzing equipment 
was out of calibration and the actual level 
was well below the maximum acceptable con- 
centration. Likewise, hypoxic symptoms 
have been complained of when the partial 
pressure of oxygen was the equivalent of 
normal atmospheric air, because the oxygen 
percentage was low (ambient pressure in- 
creased to maintain the partial pressure of 
oxygen) and cigarettes burned poorly. 
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Refinements in Assessment and Selection 


In order to meet the requirements for 
number of personnel, it is obvious that some 
refinements in assessment and selection tech- 
niques must be developed. For example, the 
battery of the existing selection instruments, 
the Basic Test Battery and Electronic Tech- 
nicians Selection Test, which are doing an 
adequate job, could, by better predicting ef- 
ficiency, lower the cutting score without re- 
duction of the qualitative input into the 
training program. This may seem unimpor- 
tant in the early stages of an expanding pro- 
gram when small numbers are readily avail- 
able but quite necessary when competition 
with other expanding programs emphasizes 
the need for increased numbers of high cali- 
ber personnel. 


While aptitude is an important factor and 
cannot be undervalued in a successful selec- 
tion program, a far more crucial and chal- 
lenging problem must be faced in the field of 
personality evaluation. The three subjects 
to be discussed briefly under this general 
heading are motivational factors, tolerance 
to stress and group interaction. It is ap- 
parent that all three are intimately related 
and pose individual as well as collective prob- 
lems in attempting a predictive evaiuation 
of any individual. We all know that it is 
quite simple to determine the level of a man’s 
motivation for submarine duty at the time 
of examination. The fact that he is a volun- 
teer is prima facie evidence of good motiva- 
tion. It is a far different task to assess the 
persistence of this motivation not only as a 
function of time but also when complicated 
by the addition of both predictable and un- 
predictable stress-producing situations. It is 
true that we can obtain clues by means of a 
psychiatric interview with a history of past 
performances and with personality invento- 
ries of various types. However, it would be 
definitely more desirable to have a sounder 
basis for selection by developing an instru- 
ment to measure not only present motivation 
but be predictive of future motivation. 

A brief digression is perhaps in order to 
review one of the studies relating to motiva- 
tional factors involved in volunteering for 
unusual or hazardous duty. During “Opera- 
tion Hideout,” the experiment in which 22 
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men were confined for almost two months 
in a partially activated submarine, it ap- 
peared that there were three types of indi- 
viduals whose needs were satisfied, at least 
to some extent, by volunteering. One was 
the immature, idealistic person, whose asso- 
ciation with a project of this nature resulted 
from a need to identify with “something big 
and important” and thereby increase his self 
esteem. A second type was the immature, 
realistic individual whose earthy selfishness 
was satisfied by the material gain in com- 
fort and attention. The third type was char- 
acterized by mature, realistic individuals 
whose personalities in some instances were 
colored by idealistic overlays which enhanced 
rather than degraded this motivation. This 
last group is, of course, the most desirable 
one and constitute the “cream of the crop” 
from the motivational point of view. 

The assessment of a man’s tolerance to 
stress is not new. Dr. Henry Murray and 
his staff did a remarkable job in this area 
for OSS during World War II. Likewise, the 
submarine service has used submarine escape 
training for many years as a means of eval- 
uating reaction to unusual stresses (a com- 
bination of noise, increased ambient pres- 
sure, crowded space and deep water). The 
basic reasons for submarine escape training 
are to determine the man’s ability to equal- 
ize pressure in his ears and sinuses and to 
teach him the necessary technique for an ac- 
tual escape. Some excessively anxious in- 
dividuals are detected and screened out by 
this means, but the stress provided lasts 
only for a relatively short period and it is 
questionable whether reaction or apparent 
lack of reaction to it can be used to predict 
responses to more or less chronic low level 
stressful situations. 

It would be of inestimable value to be 
able to accurately predict an individual’s re- 
action to chronic stressful situations and the 
effect of this upon his motivation. For ex- 
ample, a test or tests to measure the likely 
duration of motivation could be applied pe- 
riodically, much like a medical officer rou- 
tinely checking blood pressure. The results 
could then be used prophylactically to ter- 
minate a tour of stress-provoking duty prior 
to complete loss of motivation or possibly 
neurotic breakdown. This is not to imply 
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that the submarine force has been plagued 
with this problem—in fact, far from it—but 
with the proposed operational requirements, 
it would be reassuring to have a reliable 
measure of these personality factors. It may 
be that a simple questionnaire type of test 
may provide the most reliable means of re- 
evaluating motivation with a follow-up psy- 
chiatric interview for confirmaton. 


An understandng of group interaction dur- 
ing exposure to long periods of stress-pro- 
voking situations may become a very impor- 
tant factor in the selection program. We do 
not have many of the answers in regard to 
group dynamics especially in groups as large 
as submarine crews. However, it seems evi- 
dent that a well motivated stress-tolerant in- 
dividual who cannot function successfully 
with the group would be a distinct liability. 
An experimental study of these dimensions 
could not be easily undertaken. The size of 
the group and the complexity of the environ- 
mental factors dictate, that if such a study 
were to be done, it must be done on one or 
more operational missions. 


Refinements in Human Engineering 


The psychological implications of the ex- 
panding nuclear powered submarine opera- 
tions require refinements in the broad field 
of human engineering as well as in assess- 
ment and selection procedures, It is recog- 
nized that there is need of basic research in 
this field but the operational requirements of 
the immediate future urgently demand prac- 
tical solutions of an applied program even 
before the basic factors can be determined. 
The intricacy of the fire control systems, the 
need for pin-point navigational accuracy and 
the overall complexity of the newer subma- 
rines point to a need for more and better 
automation, and simpler but more integrated 
displays of information. 


While automation is not only desirable but 
necessary to accomplish sequences too rapid 
and too complex for human reactions and 
decisions, it must be remembered that it is 
possible to reach a point of diminishing re- 
turns if automation is carried too far. Be- 
yond this point, it is conceivable that the 
man would have too little to do which would 
tend to lower the sensory inputs and pos- 
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sibly tend to create a vicious cycle between 
boredom and carelessness. 

It is equally important to design equip- 
ment for the available personnel. This, again 
as with the selection program may not seem 
important in the early stages of the expand- 
ing program but, as the required number of 
personnel increases, the average capability 
will drop. Therefore, design for the antici- 
pated aptitude level both from the point of 
view of ease of operation and of equal im- 
portance, ease of maintenance, will pay off 
in terms of efficient use of complicated equip- 
ment. 


Extension of Training 


The stress-reducing capability of effective 
training has been well documented. The need 
for expanding effort in this field to meet the 
new and more prolonged stressful conditions 
likely to be encountered on Polaris subma- 
rines has been recognized. Evidence of this 
is the recent corner-stone laying for the 
Fleet Ballistic Missile Team Training Fa- 
cility at the Submarine Base, New London, 
Connecticut. This equipment will assure that 
the man is well trained in his own assign- 
ment and in addition trained to operate ef- 
fectively as a member of a group. This type 
of team training will also expose him early 
to the leadership which will prevail on ope- 
rational missions, Also, just as important, 
it will tend to stimulate group integration, a 
desirable group interaction. 

The period devoted to team training would 
appear to be the ideal time to carefully in- 
doctrinate all hands in the overall objective 
of this mission. This would serve dual pur- 
poses: (1) provide firm information relative 
to the philosophical, organizational and oper- 
ational aspects of the weapons system, mak- 
ing the individual’s role in the program a 
meaningful one, meaningful in helping the 
man to feel he is accomplishing something 
important to himself, and that the mission 
in which he is involved is of importance to 
others, especially his superiors, (2) aid the 
individual in the process of identification 
with the entire system which is essential to 
the maintenance of high morale and con- 
tinued good motivation. 

It is worth noting at this point that, on 
the Fleet Ballistic Missile Submarines, al- 
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ternating crews will be used. There has 
been concern expressed in some circles re- 
garding the acceptability of the two crew 
concept. My opinion is that the submariners 
in this program are mature and realistic and 
will realize the many advantages to be 
gained. Iam sure they will accept and read- 
ily adjust to this innovation in manning sub- 
marines. Both crews will have equal status 
and their training will be conducted as in- 
dividual] units. 

Indoctrination might well include an in- 
troduction to the desirability of establishing 
personal or “local” goals. As the operations 
of these submarines become more routinized 
and the goals of the mission thereby less 
glamorous, the feeling or personal satisfac- 
tion acquired through achieving personal 
goals may become increasingly important. 
The earlier the various potential goals are 
brought to the crews attention the better. 
As a matter of fact, training in the profit- 
able use of off-duty time could be an inter- 
esting and valuable extension of the training 
program. 

The subject of leadership mentioned cas- 
ually a moment ago, cannot be treated cas- 
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ually. The complex, dynamic interrelation- 
ship of the leader and the led should inspire 
a thorough investigation of the overall prob- 
lem, especially the impact of long term 
stressful situations on such a relationship. 
This implies a careful review of some of 
the basic aspects of leadership, for example, 
personality traits and, in addition some of 
the practical aspects as the assessment se- 
lection and training of leaders. It may be 
that this study will prove to be an extension 
of the group interaction problem and be sat- 
isfactorily undertaken only under the envi- 
ronmental conditions of an actual mission. 


Summary 


In summary, I would like to emphasize 
that continued success in the operation of 
new and more complex nuclear powered sub- 
marines is dependent on the selection of the 
best possible personnel, who have been pro- 
vided with “good” leadership, an environ- 
ment as habitable and stress-free as possible 
and with all hands thoroughly indoctrinated 
in the over all objectives of the mission and 
team trained to perform effectively over ex- 
tended periods. 
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Diagnosis and Disposition of Paranoid Marital Partner 


EUGENE REVITCH, M.D. 


A latent psychosis with paranoid symp- 
tomatology in one of the spouses was fre- 
quent cause of conjugal discord in couples 
referred for psychiatric evaluation to the 
New Jersey State Diagnostic Center by do- 
mestic relations courts. This syndrome was 
found in 39 out of 93 or in 41% of the cou- 
ples seen by me at the Diagnostic Center. 
Only isolated cases were encountered in pri- 
vate practice. The difference is due prob- 
ably to the fact that marital difficulties con- 
nected with other causes do not come to the 
attention of the courts as frequently. On 
the other hand the paranoid partners rarely 
submit, of their own free will, to psychiatric 
examination. There is a whole spectrum of 
paranoid conditions with lesser or greater 
personality disorganization ranging from 
true paranoia’ to the paranoid form of schiz- 
ophrenia. 


Paranoid states with good personality or- 
ganization involving only or mostly the mar- 
ital partner in their delusional system were 
described as conjugal paranoia** and as 
Othello syndrome.‘ The basic symptomatol- 
ogy consists of accusations of infidelity, de- 
structive, hostile and domineering attitudes 
to the spouse coupled with inner insecurity 
and basic dependency on the marital partner. 
The diagnostic difficulties are due to excel- 
lent preservation of patient’s personality and 
the ability of being convincing to others. By 
means of rationalizations and projection, re- 
ality is distorted to such an extent that not 
the patient but the marital partner may be 
suspected of being abnormal. Very often 
the patient’s accusations are based on some 
truth. For instance, the wife may accuse the 
husband of hitting her. Indeed he hit her, 
but this was provoked by her unreasonable 
accusations and disruptive behavior. On oc- 
casions the patients fabricate “evidence.” 
Thus, one male patient inflicted bruises on 
his chest and took colored slides as proof 
that his wife had hit him. Once I was called 
in by a husband to commit his wife to a 





From New Jersey State Diagnostic Center, Menlo 
Park, N. J. 


state hospital. She broke the radio, tore his 
shirt and lay motionless in bed. In talking 
to the neighbors and the wife, I found out 
about his pathological jealousy, constant ac- 
cusations of infidelity and bizarre behavior. 
Thus he would not allow her to go to the 
bathroom at night, since he believed that 
men would watch her through the bathroom 
window. Her behavior then was considered 
to be due to an outburst of temper produced 
by his accusations. 

I have seen several cases in which the sick 
spouse was given a clean bill of health while 
the partner was accused by the physician of 
being brutal, unfaithful or even of suffering 
from a paranoid state. These patients fre- 
quently convince the families, neighbors, and 
even the police of the veracity of their dis- 
tortions, so that the marital partner may suf- 
fer. Thus, the husband of one of the pa- 
tients was not allowed by the police to follow 
his wife to the state hospital,since it was felt 
the woman had been unjustly “put away.” In 
many cases the paranoid spouse was known 
to be gentle and considerate during court- 
ship. However, at the beginning of marital 
life, frequently during the honeymoon, there 
are instances of disparaging remarks, hu- 
miliating attitudes, accusations of infidelity, 
disinterest and disregard for the partner’s 
needs and feelings. Accusations of infidelity 
may occur in the beginning only in spots and 
the spouse may even later retract these ac- 
cusations as a joke or as statements made 
in anger, Later the accusations become firm 
belief and thus acquire the characteristics of 
delusions. 

In addition to accusations of infidelity, 
there may be accusations of homosexuality 
or incest, of sexual perversions and of in- 
sanity. Yet, it is the accusing partner him- 
self who shows symptoms of delayed psycho- 
sexual maturation. Thus, he or she may 
show interest in pornography, fellatio, cun- 
nilingus, masturbation, rectal intercourse 
etc., while accusing others of being sexually 
abnormal. The refusal of the partner to sub- 
mit to the patient’s sexual whims will lead 
to outbursts of rage with choking, spitting 
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and physical abuse particularly in cases of 
a sick male spouse. There may also be check- 
ing of the spouse’s whereabout and of the 
underclothing allegedly to find a trace of 
lipstick or of sperm. Alcoholism is fre- 
quently but not always associated with this 
condition. 

In order to avoid grave diagnostic errors, 
it is not sufficient to see one spouse, Both 
spouses should always be examined sepa- 
rately and in joint interview. In a joint in- 
terview both are confronted,and a laboratory 
condition of marital relationship is created. 
This permits the physician to clarify the con- 
tradictory and misleading statements as well 
as the affective relationship of both spouses. 
In one instance the paranoid wife complained 
that her husband did not come home and 
slept in his place of business, thus rejecting 
her. The joint interview, however, revealed 
that she did not let him get into the house, 
so that he found it necessary to sleep in the 
store. 


Accusations of infidelity in cases of con- 
jugal paranoia should be differentiated from 
pathological jealousy of weak, insecure and 
possessive persons. In the latter cases, the 
spouse is appreciated but due to the patient’s 
insecurity, he or she has to be constantly 
reassured of being loved. The possessive- 
ness and the love needs of these patients are 
so intense that they constantly feel dissat- 
isfied and suspicious. They constantly tor- 
ture themselves and their partners yet they 
genuinely desire harmony and faithfulness. 
In conjugal paranoia, on the contrary, accu- 
sations of infidelity seem to serve the pur- 
pose of proving the spouse to be amoral or 
inferior. In some cases the partner is in- 
duced by the patient to commit adultery. As 
long as the patients function well enough to 
support the family, I usually do not recom- 
mend commitment, However, in cases of 
threats to life of the spouse or in cases of 
extreme disorganization of the family, com- 
mitment is necessary. Unfortunately, the 
hospital personnel do not always recognize 
the delusional nature of patient’s thinking 
and commitment will be followed by rapid 
discharge, or what is worse, the patient may 


FEBRUARY 


not be declared psychotic and be thrown 
back to his family while harboring undis- 
closed homicidal preoccupations. Attempts 
at reconciliation are futile and aggravate the 
problem. Separation of spouses usually im- 
proves the well being of the family. Under 
no circumstances should the healthy spouse 
be advised to give in to the whims of the 
paranoid partner. Firm attitudes and per- 
sonal independence are more likely to suc- 
ceed in normalizing the situation. Thus, in 
one case where the wife was ready to give 
up a job she liked, hoping thus to please the 
husband and aliay his suspicions, a good 
effect was produced by helping her to be- 
come independent. 

I have never been able to establish a 
therapeutic relationship with the paranoid 
spouse. The weak and dependent persons 
with pathological jealousy, on the contrary, 
may seek therapy and particularly reassur- 
ance. They are willing and able to be helped 
and to gain insight. There is, however, a 
danger of misdiagnosing the sufferers with 
pathological jealousy as cases of conjugal 
paranoia. This is of more than academic 
interest since treatment and prognosis is 
different in both cases, While in conjugal 
paranoia the prognosis is poor and separa- 
tion should be recommended in most cases, 
in pathological jealousy of insecure individ- 
uals psychotherapy may be successful. The 
danger of misdiagnosing the healthy spouse 
as paranoic or mentally ill can be avoided 
only by thorough and unhurried interview 
of both spouses individually and in a joint 
session. The Rorschach techniques quite fre- 
quently do not indicate the psychotic proc- 
ess and thus cannot be relied upon for defi- 
nitive diagnosis. 

REFERENCES 

1. Kraepelin, E.: Manic Depressive Insanity and 
Paranoia. E. and S. Livingstone, Edinburgh, 1921. 

2. Revitch, E.: The Problem of Conjugal Paranoia. 
Dis. of Nerv. Syst., 15:271, Sept. 1954. 

3. Revitch, E., and Hayden, J. W.: Paranoid Mari- 
tal Partner: Counselor’s Client, Psychiatrist’s 
Problem. Rutgers Law Review, Vol. 9:512, Spring 
"55. 

4. Todd, J., and Dewhurst, K.: The Othello Syn- 
drome. J. of Nerv. and Ment. Dis., 122:367, Oct. 
1955. 








—  —— »- = wVe= '. we CD CD pw 





119 


Unconscious Motivation as a Source of Creative Expression 


FERRUCCIO DI CorI, M.D. 


In every cry of every Man 

In every Infant’s cry of fear 

In every voice, in every ban 

The mind forg’d manacles I hear. 


With these words out of one of his “Songs 
of Experience,” William Blake, the mystic, 
the poet, the artist, expressed his anguish 
for his city of London, for his humanity, 
bent to suffer, 


William Blake, labeled by his contempora- 
ries aS mad and as an ingenious eccentric, 
was actually ahead of his time. He was a 
particularly disturbed prophet of the condi- 
tion of the modern man in search of his soul; 
he was the poetical surveyor of those social 
“evils” that promoted by some, spread havoc 
in bountiful waves from generation to gen- 
eration, as we, students of human nature, so 
well know. Blake was essentially a rebel of 
human bondage imposed by society, the 
“mind forg’d manacles,”’ that he and we 
could hear, day after day, encrusted by moral 
laws and emblazoned by the social under- 
writings of puritanic acceptability. 


William Blake was primarily concerned 
with the defense of human integrity and its 
strivings. He knew too well the frightening 
experience of fear, insecurity, resentment. 
He was too well acquainted with the inno- 
cence of the inner human soul which, con- 
trived by an overdemanding society, is com- 
pelled too often to withdraw into a state of 
loneliness. 


Blake spoke of childhood experience and 
celebrated it as the nucleus of a long theme 
that, unfolded, could produce the whole hu- 
man symphony. He was afraid for the child 
and he felt pity for the “chained man.” He 
felt and, hence, knew that the need for cer- 
tainty compelling human beings to express 
themselves, was of paramount importance 
in a society whose materialism slowly grinds 
the individual to seek refuge in expressions 
of symbolic value, in order to survive within 
the pressing walls of a disciplinarian en- 
closure. 

This symbolic expression of anxiety, well 
defined by various schools of psychology of 


the twentieth century, is illustrated by the 
following cases. 


One patient, a 34-year-old woman, and a man, 
not a patient, aged 53, had a trait in common— 
they are artists. Whereas the girl, a commercial 
designer, has received academic training in her 
field since her 11th year, the man has “suddenly” 
and haphazardly started his career as a painter fol- 
lowing a series of traumatic experiences which cat- 
apulted him to recognition and unwittingly to fame. 

The woman came to me because of depression, 
occasional nervousness, inability to concentrate and 
exploit in a financially rewarding fashion her ar- 
tistic potentialities. Her art, ‘too arty” for every 
day living purposes increased her already lingering 
frustration and her disappointment. Disappoint- 
ment and frustration were known to her since her 
early childhood. They were the gargoyles which 
stood by her throughout the first 20 years of her life. 
She is the product of narrow, self-limiting Italian 
background, and sought refuge in a marriage, which 
interspersed with increasing misunderstandings and 
marred by constant strivings, finally ended in di- 
vorce. A child, now 7 years old, was born out of 
this union. 

The patient has always been a shy, retiring, self- 
deprecating type, who longed for artistic expres- 
sion since puberty when the first bouts of anxiety 
and doubts became obvious to her. She began to 
produce illustrations for fairy tale books, and man- 
neristic drawings of soul searching quality; they 
were praised, but at the same time rejected be- 
cause they were non-commercial. Since her divorce 
sh has led a retiring, almost asocial life, limited to 
boundless artistic expressions produced at night in 
her attic. 

One day, at the beginning of a session, she 
brought me a drawing ‘for you to have” (Fig. 1). 

It was the drawing of a face, whose sex was 
questionable and whose features were of a roman- 
tic, delicate, somewhat dream-like quality. When 
asked about the identity of the person and the rea- 
son for giving this drawing to me, she finally ad- 
mitted that on leaving my office after the previous 
session, she had caught a glimpse of the patient 
ahead of her. Actually she “bumped” into him, she 
said, and looking into his face she was startled and 
bewildered by the fact that such a beautiful look- 
ing boy could be in need of psychiatric attention. 
Later at home, she went to the attic and tried to 
“immortalize” the outline of the face thad had kin- 
dled the fire of her imagery. 

I framed the drawing and hung it in my office. 
When the “model” of the “portrait” came back, and 
casually turned his head toward the wall, where the 
drawing was now showing, he jumped to his feet. 
“Who is he?” he cried. “I don’t know,” I answered. 
“Just a drawing.” 








120 DISEASES OF THE NERVOUS SYSTEM 





Figure 1. 


The patient, who was seeking my help because of 
homosexual trends fell in love with the image; 
phantasy after phantasy began to emerge out of 
this stimulus, that in Narcissus like style had made 
him the executioner and at the same time the vic- 
tim of this fatal encounter. 

The second case is a 53 year old lawyer, Floren- 
tine by birth, who immigrated to this country 20 
years ago, at the outbreak of war. I have known 
him as a resourceful and talented personality, a 
jazz composer as well as a writer. In this country 
he began to broadcast across the waves to his na- 
tive land, through the ‘‘Voice of America,” where he 
found employment. Many years later he was ap- 
pointed political correspondent for one of the Ital- 
ian daily papers. 

A bachelor until then, he met a young English 
girl whom he married. Called by his activities to 
Italy, his wife accompanied him to spend a vaca- 
tion in Florence. 

Back in his native land, this dynamic and restless 
personality who for twenty years dreamt nostal- 
gically of his birthplace, found himself again basked 
by the climate of his land, surrounded by the mas- 
terpieces of the Renaissance, that his mind had 
learned to appreciate since his school days. His eyes 
are again roving around, embracing and reabsorb- 
ing all. Compressed for 20 years in a medium of 
steel, aluminum, smoke and tall concrete, hard-look- 
ing skyscrapers, he finds the suave rotundity of a 
church cupola, the gentle architecture of a Gothic 
or a Romanesque campanile very soothing. He anx- 
iously searches for a satisfying response to his tur- 
bulent soul. 

His late marriage, which should have placated 
some of his “impulses” becomes a responsibility that 
he can control to a certain extent by demanding 
as much attention as possible and by making as 
little change as possible in the routine of his habits 
ana in the disarray of his strivings. He tries to in- 
corporate his wife into his emotionally charged life. 
Transferred to Rome, he acquires an apartment 
overlooking one of the most beautiful squares in the 
world: Piazza Navona. One year after his mar- 
riage, his wife notifies him that he is going to be 
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a father. The restless, inquisitive child who at- 
tempted maturity in the bondage of a marital tie, 
rebels to the idea of a newcomer, who will steal the 
niche that his demanding Id has created. Paying al- 
most no attention to his oncoming increased respon- 
sibilities, this man, who had never received any for- 
mal or academic training, grabs a palette, a brush, 
and few tubes of color and in a state of enraged 
frenzy, almost like a fugue—begins to paint. He 
paints by day, by night, sleepless, without food, 
without rest. He paints one theme only—churches, 
with one emphasis on details—the cupola and the 
bell tower (Fig. 2). 

In an élan vital of exceptional breath the artist 
leaps from one medium into another. Oblivious of 
everybody and everything, he rushes bodily every- 
where he finds a church or a steeple or a dome. 

His home begins to fill with hundreds of can- 
vasses; in this tremendous abreaction of polychromy 
he paints relentlessly. He paints as if his hands 
were not his own. Shyly, first, he begins to show 
his paintings to a few friends; and is invited to par- 
ticipate in a show in a small town. His paintings 
are received with gusto and approval. From the 
little town, he reaches Venice, Lucca, Florence, 
Rome. One exhibit after another, 345 paintings in 
one year, all sold. He is invited to a one man show 
in New York, where he is at the moment, loved and 
acclaimed again. 


What provoked these outbursts out of the 
creative unconscious? Says the girl in the 
first case: “If I had seen that boy out on the 
street and not here I would not have looked 
at him twice, but meeting him in your office, 
I began to wonder about him.” 

Says the man in the second case: “Had I 
remained in New York I would probably 
never have been a painter. Here in Rome, 
surrounded by my beautiful landscapes, I had 
an impulse; the moment I learned that I was 
going to be a father, I felt almost a need to 
express my joy on the canvas, through the 
physiognomy of colors.” 


These are their words, and through their 
experiences I have given to you an outline 
of two cases, where artistic expression was 
born out of an emotional impact. 


I have cited William Blake who shows 
himself as a precursor of the scientific ap- 
proach, One century later, science came to 
know how to discriminate between guilt and 
self assertion, between Man and Society. 

Let us theorize briefly on this emotional 
urge that spurs civilized as well as primitive 
men to express and create. This creation 
may be provoked by the lofty and spiritual, 
oriental meaning of introspection in search 
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of an inner psychic beauty or it may result 
from the superstitious fear that leads the 
primitive man to create symbols to placate 
mysterious hostile powers of nature which 
he is unable to identify. 

The question of mental health of the artist 
has always seduced the attention of the cul- 
tured man. Much literature has been writ- 
ten about great names of the past, and great 
works have been dissected to explore the 
motivating sources of their origin and struc- 
ture. 

It is a popular assumption that a person 
endowed with artistic capacities is neuroti- 
cally ill, But neurosis is not simply an un- 
healing wound, it is a dynamic activity of 
the psyche. It is a conflict between forces 
which causes a dissension within oneself, 
which may be resolved, but often, if unrec- 
ognized, leads to a lingering disturbance 
which ultimately causes defeat of the total 
personality. 

In order to be creative one does not have 
to be neurotic; many artists, however, try 
to protect their neurosis, living out their 
symptoms and establishing for themselves 
an abnormal axiom: No neurosis — no crea- 
tive ability. In doing so, they are resource- 
ful but they do not protect their creativity. 
They shield their abnormalities in fixed pat- 
terns, which are their particular artistic ex- 
pressions, and in the last analysis, are noth- 
ing but gratifying symptoms. Every psy- 
chiatrist is aware of this type of particular 
resistance of the artist. 

About the relation of neurosis to creativ- 
ity Lawrence Kubie says in his book, “Neu- 
rotic Distortion of the Creative Process”’: 

“|. .in a variety of ways the infant slowly learns 
to use whole patterns of behavior. At first this is 
an automatic process. Later these patterns are or- 
ganized into integrated and purposeful constella- 
tions, which return to partially automatic controls. 
Similarly, thought and feeling develop through com- 
parable stages: i.e., first groping, random, auto- 
matic (‘‘preconscious’’) imitative fragments, then 
integrated configurations under some degree of vol- 
untary and purposeful control and finally a partial 
return to more automatic usage. 

Both creativity and neurosis are linked to this 
progression from automatic fragments of behavior 
to purposeful and synthesized acts and then back 
again to a more automatic use of these synthe- 
BOS eae? 

“. . . during these transitions . . . we dissociate 
the various ingredients of affects, thoughts, behav- 
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ior ... Such dissociations become manifest in ob- 
ligatory repetitions of various fragments of behav- 
ior which are uniquely characteristic of all manifes- 
tations of the neurotic process...” 

For the neurotic and creative process he says: “A 
comparable dissociation among these basic ingred- 
ients of behavior occurs in the creative process as 
well. Consequently that which is common to both 
is also something which is uniquely human, i.e., a 
disturbance in the relation of the symbolic process 
to whatever it represents.” 

Summarizing his concept: “in the differen- 
tiation of psychological processes, these lev- 
els of functioning are accepted: conscious, 
preconscious and unconscious, operating con- 
currently; normality exists when these three 
processes operate in an alliance; whereas 
illness sets in whenever a preponderance of 
unconscious processes dominates. 

It is necessary, however, that a precon- 
scious system of operation freely flows, in 
order to obtain true creativity. This pre- 
conscious system is bound and subjected to 
the distorting influence of two other sys- 
tems of symbolic function, both anchored 
and rigid. 


Conscious function : anchorage in ieality 
Unconscious function : anchorage in stereo- 
typed and repetitive symbol 


At one end of the spectrum we find conscious 
processes: relation between symbol and what 
it represents is in tact. The knowledge of 
what a symbol represents is the basis for 
communication. 

At the other end of the spectrum there are 
symbolic processes which we call uncon- 
scious: Symbol is conscious, but most of 
what it stands for is both unknown and in- 
accessible (repression). 

But if in the creative process we search 
for new connections, for new relationships in 
time and space, then, this capacity of doing 
so must be unanchored. This is the basis 
for successful strivings. 

Preconscious psychological functions stand 
on the fringes of consciousness but they are 
the greatest economizing device that we pos- 
sess. 

In summary it is not that which is uncon- 
scious in us which makes us creative, inas- 
much as the unconscious is our strait jacket, 
rendering us as stereotyped and as repeti- 
tive as is the neurosis. Where unconscious 
influences play a dominant role, the creative 
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Figure 2. 





process in art or science becomes almost 
identical with the neurotic process. We must 
turn unconsc‘ous cenflicts into socially and 
artistically accepted symbolic form. 

To free preconscious processes from dis- 
tortion and obstruction by unconscious and 
conscious process is the goal to seek in crea- 
tive ability. This is the concept expressed 
by Lawrence Kubie which is at the basis of 
dynamic interpretation of unconscious ex- 
pressions. 

On the basis of these assumptions, we find 
that the commercial designer rejects the idea 
that any man can look at her or even harbor 
any desire for companionship. The rigid up- 
bringing forbids such a possible reality. 
However, the image of a man that she meets 
in my Office is acceptable to her unconscious 
because he appears under the shelter of a 
protective father, the psychiatrist. To a 
protective and approving father, the image 


of her “lustful desire” is returned under dis- 
guised symbolism. 

The painter is haunted all his life by an 
obsessive dream of Oedipal character. Ina 
repetitive, almost compulsive pattern he 
dreams of maternal] embraces, which the fa- 
ther supervises and at times approves. At 
the birth of his child, his unconscious floods 
the field of his affects. A mother-wife figure 
suddenly threatens him with annihilation. 
From now on she will divide her attention 
between him and a newcomer. He feels that 
the newcomer is going to take the lion’s 
share. In a rapid, even for him, too quick 
dive, he withdraws into a search for an 
early maternal figure. His own mother is 
represented symbolically by cupolas (breast 
symbol?) while the threatening abdominal 
growth of his wife is a reminder that keeps 
pressing and hammering at his unconscious. 
His anxiety-laden fears, his guilt-ridden con- 
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flicts find expression in a new medium: color, 
form, structure. 

The final answer to a series of a long range 
stimuli, accentuated by a superimposed new 
stimulus threat is the need to reestablish his 
identity out of the old family circle. The 
new family circle is represented by society. 
Society is quite willing to accept him in this 
new role, on the strength of the universal 
symbol that he waves. The symbol not only 
is socially acceptable, but is shared by the 
community, which responds to the same 
stimulus. 

The loneliness of the “abandoned child” 
finds a new pair of supporting arms. His 
guilt-laden feelings are alleviated by the 
anonymous crowd which recognizes his guilt, 
and dilutes it by paying for the joy of shar- 
ing it and making it acceptable. What was 
a daydream of a single individual becomes 
the collective one, and the basic conflict is 
“duly” repressed by a society, that links 
hands together and sings again “Ring around 
the rosie’ to him. The wife and child are 
then sent to England and he travels with its 
symbols, forever, like a successful minstrel, 
whose voice is belatedly but finally welcome. 

As this was a theoretical excursion into 
the dynamics of these two personalities, I 
wish to add a few words from an esthetic 
point of view. We have seen that society 
does not gratify the girl with reward because 
her creative, expression is too personal and 
too close to her subjective daydream fanta- 
sies; hence isolation and rejection. In the 
case of the man he is not indicted by the 
world at large, but on the contrary he is 
gratified because of the universality of his 
symbolization. There is, however, a little 
more to this. 

The function of an artistic expression is 
the creation of beauty but since there is 
nothing in nature beautiful or ugly, because 
these are not positive attributes of matter, 
one must be concerned with the emotional 
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reaction of the interpreter, One seeks no 
longer a representation of beauty, but its in- 
terpretation. Interpretation which is based 
on three factors: emotion, expression and 
rhythm. By accepting and evaluating these 
three elements, one might reach a concept of 
an artistic expression. 

William Blake, the artist, the poet, was 
concerned with the certainty of man, as a 
little world in himself, matched and meas- 
ured against the whole of the creation which 
was not made for man alone. 

It seems almost teleological that man, a 
finite being, whose life passes on, lends the 
most unscrutable part of himself to the serv- 
ice of art, since art is an expression of life 
and civilization; life passes but art remains 
and the only knowledge that we have of cer- 
tain lived civilization is through the ves- 
tiges of this art. 

If we ask ourselves: are the stars beauti- 
ful? The answer is “Yes.”’ If we ask why, 
the answer is much more complicated. 

We have learned to partake of a pleasur- 
able excitement of beauty inasmuch as we 
are, ourselves, things of nature and thus re- 
producible and extolled and, “if a fool there 
was, who made his prayer, even as you and 
I, to a rag, a bone, and a hank of hair...” 
and out of these stimuli “he made his lady 
fair,” we know that this symbolic represen- 
tation is the essence of escape, at times, from 
the drudgery of this human finality. 

We scientists should remember an old chi- 
nese story: “Once upon a time, I, Chwang 
Tse, dreamt that I was a butterfly fluttering 
hither and thither to all intents and purposes 
a butterfly. I was aware only of following 
my fancy as a butterfly, and unconscious of 
my human individuality. Suddenly I awoke 
and there I lay, myself again. Now I do not 
know whether I was then a man dreaming 
I was a butterfly, or whether I am now a but- 
terfly dreaming I am a man,” even, as some 
times, you and I. 
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Chemotherapy in Melancholia 


THEODORE R. ROBIE, M.D. 


Since 1957 when investigators (Kline, 
Crane, Bosworth, and others) called atten- 
tion to the psychic energizing properties of 
iproniazid, a new and hopeful start was made 
toward conquering melancholia, which claims 
many thousands of lives each year. The suc- 
cessful remission of melancholia in thou- 
sands of patients proved that recovery can 
be induced by chemotherapy alone, thus re- 
ducing the need for the more radical and 
certainly more costly electroshock therapy. 


Since the general plan of amine oxidase 
inhibitor therapy is now well known, I will 
concern myself only with the application of 
chemotherapy. A major safety measure re- 
cently added is the use of the Wroblewski 
SGO-T transaminase test as a means of reg- 
ulating dosage to avoid extensive and pos- 
sibly irreversible liver damage. Any of the 
energizers, even the least potent, may initiate 
toxic hepatic effects, unless dosage is quickly 
lowered or the drug discontinued. The trans- 
aminase test is a reliable means of detecting 
early hepatotoxic involvement, Not infre- 
quently, an elevated SGO-T develops in the 
early weeks of treatment when dosage is 
high, yet no jaundice is visible. If dosage 
is not reduced immediately the transaminase 
will gradually go higher and jaundice may 
then appear; other liver function tests may 
then become positive. At this stage, per- 
haps only a week or two after the first warn- 
ing elevated transaminase is discovered, it 
may be too late to restore normal liver func- 
tion by interrupting intake of the drug. By 
the time jaundice actually appears, it may 
be too late to reverse the liver damage. 

Although we have been assured by some 
pharmaceutical manufacturers that their par- 
ticular analogue of iproniazid has no hepato- 
toxic effects, such an assurance is not jus- 
tified at this stage in the development of 
therapy with these drugs. Far better that 
we recognize the possibility of toxic effects 
and learn how to cope with them than to be- 
lieve toxic effects do not occur and then 
awake one day to find that the toxic hepa- 
titis might have been prevented by conser- 
vative measures. It is incumbent upon those 


who use these drugs to apply the knowledge 
available to insure against complications. It 
is possible to anticipate the beginning of 
toxic hepatitis if we secure serial transami- 
nase tests in all our patients undergoing an- 
tidepressant chemotherapy. 

In thumbing through the files of patients 
seen during recent months, I found a surpris- 
ing predominance of depressed manics, reac- 
tive depressions, involutional melancholias 
and, of course, the ever present schizophren- 
ics. Our analytic colleagues would say the 
reactive depressions will respond to analysis, 
but in my opinion many could be suicides 
unless they receive adequate psychic ener- 
gizer chemotherapy during their analysis. 


Others of our colleagues still declare that 
the only adequate therapy for depressed 
manics and involutional melancholias is elec- 
troconvulsive therapy. However, I am con- 
vinced that 80 to 90 per cent of the cases 
receiving electroconvulsive therapy today, 
could be successfully treated by energizer 
chemotherapy without loss of time from em- 
ployment, thus safeguarding their jobs. 

What is most surprising is that so few of 
our psychiatric colleagues have embraced 
this new chemotherapy. When one of my 
patients moves to another community it is 
difficult to refer him to a psychiatrist who is 
chemotherapy-minded, despite the fact that 
a deluge of papers on Marsilid appeared in 
1958 and many new ones are now appearing 
on the various iproniazid analogues, 

Scientific curiosity is unpredictable. It is 
impossible to predict what truths will come 
out of research in any sphere. At the mo- 
ment psychiatrists are involved in a contro- 
versy as to which of the chemotherapeutic 
agents recently described as efficacious for 
melancholia, is the most reliable for induc- 
ing remission. This is a question of major 
concern since the persistence of suicidal 
trends cannot be toyed with. If the patient 
does not experience relief from his over- 
whelming melancholia within three to five 
weeks on chemotherapy he may despair com- 
pletely and go ahead with suicide plans that 
have been simmering when the “life is hope- 
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less” theme has become increasingly domi- 
nant in the patient’s thinking. 


Thus, if a psychiatrist with unshakable 
confidence in one particular chemical does 
not inform his patient early that if the first 
chemical tried does not overcome the melan- 
cholia, there are others, and electroshock, 
the surest method, is available as a last re- 
sort, he may we faced with an actual or at- 
tempted suicide. At a round-table discussion 
at the 1959 Philadelphia A.P.A. meeting only 
one chemical—Tofranil—was on the agenda, 
although the title for the meeting was ‘Rela- 
tive Indications for Psychopharmacological 
... Treatment of Mental Depression.” Tofra- 
nil is a most valuable antidepressant but not 
the only effective chemical. The merit of all 
the chemicals should be compared in open 
forum at our scientific meetings. 

Some illustrative cases are described. 


Case History 


Case 1: A melancholy patient had been treated 
unsuccessfully with electroshock alone until Tofra- 
nil was added to the therapy. The combination 
proved successful. The drug may ultimately prove 
an adequate maintenance therapy. This woman had 
made a suicidal attempt by taking overdoses of two 
medications, neither of which was as lethal as she 
suspected. She was given five electroshock treat- 
ments in three days and then allowed to go on a 
trip with her husband, on his insistence. She took 
100 mg. Tofranil daily during the travel interval. 

Upon her return 12 days later there was marked 
improvement in her behavior with almost complete 
elimination of the chronic melancholia. She was 
given the planned EST but Tofranil was continued 
and on her return for the next EST the improve- 
ment persisted so we discontinued electrotherapy. 
It is certainly our hope that this marked improve- 
ment will be maintained. 


Marked imprvevement may occur in a mat- 
ter of weeks when depressed persons are ad- 
ministered amine oxidase inhibitors, and 
most cases fully recover in a month, Many 
persons who might lose their jobs when they 
have to take leaves of absence to undergo 
electroshock therapy, will not have to remain 
away from work when receiving chemother- 
apy. 

Considering adjunctive aids, I have found 
Dexedrine a valuable potentiator of the am- 
ine oxidase inhibitors. This may prove a 
major bulwark in maintaining improvement 
if the energizer dose has to be reduced be- 
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cause of temporary elevation of the SGO-T. 
Dosage may be 5 mg. two or three times 
daily or the spansule may be given. It is 
also useful in any patient who is overweight 
or who begins to gain rapidly on energizer 
therapy. Whenever the patient is under 
weight I prescribe Ritalin in suitable dosage, 
i.e., 20 mg. b.i.d. or 10 mg. t.i.d. Many pa- 
tients have remarked that this adds a great 
deal to the improved spirits generated by the 
energizer. Furthermore, there are patients 
who insist that the amine oxidase inhibitor 
causes drowsiness, especially at the begin- 
ning and in such cases Ritalin will counter- 
act this torpor and induce alertness with 
greater work efficiency. Since these patients 
realize how inefficient they are during the 
period of the depressive reaction, this ele- 
ment is often an indicator of progressively 
developing improvement resulting from the 
combined energizer-Ritalin medication. 

Many involutional depressions do not re- 
act favorably to energizer medication. Some- 
times the agitation is worsened and the drug 
has to be discontinued. I have found that a 
new anti-tension agent, Permitil (White, 
originally introduced as Schering’s 6894) 
helps tremendously in overcoming the ex- 
cessive anxiety in depressions associated 
with anxiety neuroses and have used it fre- 
quently in conjunction with Marplan, Niamid 
or Nardil. Until now, a large proportion of 
these have required EST before satisfactory 
remission was induced, If Permatil, which 
reduces fear, can allay agitation sufficiently 
to allow continued therapy during the three 
to four weeks necessary before the ener- 
gizer’s effect is felt, then we may be able to 
report that some involutional patients have 
been saved from undergoing EST. 

Inevitably in the treatment of older people 
one encounters hypertensives. Because we 
found that Diuril was an excellent means of 
overcoming edema when this occasionally 
occurred in the earlier Marsilid-treated cases, 
we know that energizers and Diuril are com- 
patible. Accordingly, in hypertension there 
is advantage in adding dihydrodiuril (the 
smaller tablet) in modest dosage, to the 
amine oxidase inhibitor regimen. One can 
adjust the dosage as required and within a 
relatively short period bring the blood pres- 
sure down to a normotensive level. 
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Early in the chemotherapeutic era, I de- 
cided that there could be real advantage in 
using a non-barbiturate for the insomnia 
that is a frequent accompaniment of melan- 
cholia and also for that which may develop 
during the early phase of Marsilid therapy. 
Noludar (Roche) served this purpose best 
of all non-barbiturates tried. Therefore, it 
is used routinely now. This removes the 
danger of suicidal attempts via barbiturates 
(Noludar is infinitely safer in overdosage) 
and has other advantages. Only in very rare 
instances when insomnia is severe do I per- 
mit barbiturate medication and then for 
only a few days, returning to Noludar as 
soon as possible. The amount of barbiturate 
capsules allowed the patient at any one time 
is small and under my control. One or two 
Noludar 200 mg. tablets are usually sufficient 
but more can be advised with safety and the 
patients gradually reduce their dosage them- 
selves to one and then one-half tablet at 
night—as remission develops. 


Case 2: It has become increasingly apparent, as 
new chemical antidepressants are introduced, that 
the psychiatrist will need an increasing knowledge 
of these chemicals if he is to assure each melan- 
choly patient the best chemical treatment available 
for his particular condition. Trial and error will 
still be the method of selection until we have de- 
veloped a test for differentiating the various types 
of depressions. For example, amine oxidase inhib- 
itors may fail where imipramine may be successful, 
or vice versa. I prefer to start with an amine oxi- 
dase inhibitor and change to Tofranil if improve- 
ment is not seen. A case that developed agitation 
on three different energizers ultimately showed good 
remission on Tofranil This one patient, an 81- year 
old chronic depressive, experienced increased agita- 
tion from each energizer until Tofranil, which is 
described as a non-stimulating drug, was given in 
gradually adjusted dosage. 

Case 3: Another severely depressed patient was 
started on Roche 0700 in conjunction with Nardil, 
because of hypertension (182/102), and a very sat- 
isfactory remission of depression was induced in 
three weeks with substantial improvement evident 
in two weeks. However, when conservatism dictated 
discontinuing the 0700, the hypertensive B.P. level 
quickly returned (174/102) and it is, therefore, as- 
sumed that the 0700, which reduced B.P. to 124/76 
will have to be resumed if the coexistent hyperten- 
sion is to be prevented. This element undoubtedly 
plays a considerable part in the melancholia. 

Case 4: An attractive single girl with unwhole- 
some home atmosphere became suicidally depressed 
when the forward behavior of a suitor (claiming 
marriage was his intent) necessitated her rejecting 
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his attentions. The very intense despondency would 
have justified electroshock therapy. However, Nar- 
dil with added Marsilid for a short period (which 
stimulated weight gain), eliminated the suicide dan- 
ger and restored her good standing in a job she 
nearly lost through absenteeism during the extreme 
despondency phase of her breakdown. Only time will 
determine whether she can be maintained through 
supportive psychotherapy and chemotherapy at her 
present level of satisfactory eudaemonia. 


Case 5: One of the most hopeless cases I have en- 
countered, a man of 57 years who lost several im- 
portant jobs because of many depressive or manic 
attacks, was brought to the office against his will, 
by his wife, since she felt he was at the end of his 
rope in a depressive recurrence. He informed me 
in his first interview that he had no security in his 
low-pay job, and only two weeks later informed me 
that his employment was being terminated in three 
days. It proved most fortunate that he had been 
started on Marplan three weeks earlier, for when 
he returned for his next visit, some days after his 
employment had been terminated, he was in better 
spirits than at any time during the previous three 
and one-half weeks. It was evident that the ener- 
gizer was accomplishing a remission of his depres- 
sion. His dejection at the beginning of treatment 
was extreme, yet a month later, without a job, he 
was in good spirits and optimistic about the future. 

This case demonstrates that radical electroshock 
can be averted in true manic depressives. He had 
received EST given by the author, in a previous 
melancholy episode seven years before, and he had 
been given EST in several different psychiatric hos- 
pitals for recurrences of depression. 


Case 6: A 22 year old, 185 pound male was ad- 
mitted to the hospital following a suicidal attempt 
by carbon monoxide. He had locked the garage 
door with the auto motor running and was found 
in coma. After recovering consciousness via oxygen 
at the hospital his urge to live was still nil because 
a girl friend had rejected him. 

Although there were excellent reasons for giving 
electroshock therapy, it was decided that chemo- 
therapy should be tried. Since he showed consid- 
erable improvement before release from the hos- 
pital a week later, he was continued under office 
treatment on 75 mg. of Niamid daily. He regressed 
slightly during the next week since his continued 
efforts to see his former sweetheart were thwarted. 
Accordingly, the dose was raised slightly and this 
was sufficient to induce marked improvement in the 
next few days and at this stage he went out and 
found a new job which helped to induce further im- 
provement. 


Case 7: A man in his 40’s was working excessively 
in a new position to which he had been promoted, 
became overtired and ultimately severely depressed. 
He suddenly decided life was not worthwhile and left 
his home in the early morning, drove a few blocks, 
stopped and put a revolver to his head and pulled 
the trigger. The gun did not fire. He tried a sec- 
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ond time, again it didn’t fire. He tried a third time 
and again the mechanism did not function! 


He drove home and told his wife the truth. The 
family doctor was summoned and I was called in. 
Intense depression was obvious and one might have 
decided that electroshock should be administered 
immediately. However, instead a transaminase test 
was taken, and he was started on Marplan imme- 
diately with supplementary Ritalin. Despite the 
history of liver disorder with jaundice (presumably 
hepatitis), a year previously, I tried 150 mg. of 
Marsilid. In two days he admitted he felt a defi- 
nite lift, but when his transaminase registered 43 
four days later, Marsilid was reduced to 125 mg. 
daily. The transaminase was down to 20 within 15 
days, the Marsilid dose was still 125 mg. daily with 
added Marplan 10 mg. Marked hypotensive effect 
developed (once an almost complete blackout) and 
B.P. was 98/78 compared with original 132/108. He 
gained seven pounds. At this point both Marsilid 
and Marplan were stopped and cortisone was used 
to overcome the severe hypotension. In two days, 
with the B.P. 108/78 small doses (50 mg.) of Mar- 
silid were reinstituted, later reduced to 25, then 
12 mg. 

Full remission occurred after six weeks when he 
announced, “Gosh, I’m getting the old drive back, 
like I haven’t had for two years.” 


Soon thereafter he was shifted to Marplan, 5 mg. 
maintenance dosage and later it was reduced fur- 
ther. Because his own description points to a chronic 
depression of many years standing I have not felt 
justified in stopping the small dose of Marplan; he 
now takes 2.5 mg. daily. After the initial rise in 
transaminase, a number of normal reports followed. 
During the 11 months’ treatment there were two 
other slightly elevated tests but others were in the 
20’s. He is now beginning his second year firmly 
entrenched in his new job and with a very succes- 
ful record. 

A useful l'fe was saved; a job about to be lost was 
preserved; a patient was able to avoid EST and the 
patient and his family are happy over an outcome 
made possible by psychopharmacotherapy. 

The energizers are now generally recognized as 
specifics for mental depression of any psychiatric 
category (endogenous, exogenous, etc.). But not 
often do we see severe psychasthenics giving up 
their compulsions or phobias without protest even 
though very prolonged psychotherapy has occurred. 
This example, therefore, has significance. 

Case 8: A 35 year old mother of three children 
was referred for radical treatment of severe weight 
loss and intense melancholia. The referring doctor 
certainly expected I would give EST immediately 
because of her constant sobbing and the presump- 
tion that self-harm might be attempted. Severe pho- 
bic reaction had precluded her driving ner car, and 
homicidal ideas toward members of her own family 
engulfed her whenever she saw any sharp objects. 
Chemotherapy was started with higher than usual 
dosage of Marplan. Close relatives were given in- 
structions to keep careful watch over her. Because 
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of her many extreme phobias, she was given Per- 
mitil concurrently since this reduces excessive fear 
almost immediately. Within three days there was 
considerable improvement. After nine days she had 
gained four pounds and remarkable improvement 
was apparent to everyone around her. They were 
amazed by her excessive application to houseclean- 
ing and other drudgery, though she continued to 
have obsessive thoughts of harming others when 
she encountered sharp objects. Also, hyperanxiety 
was still induced when she read harrowing news- 
paper accounts of sensational deaths. 

On the 20th day after initiation of chemotherapy 
she came in with a springy step and bright cheer- 
ful expression, insisting that life was now a real joy 
and adding spontaneously: ‘Nothing bothers me 
now. I’m not even disturbed by knives or scissors 
anymore.” This is a striking remission of obsessive- 
compulsive ideation not previously observed in any 
similar case. If this type of improvement can be 
duplicated in other psychasthenics we shall have a 
therapy for patients heretofore considered resistant 
to all psychiatric therapy, even psychoanalytic! Her 
Marplan dosage has already been reduced and her 
transaminase tests have been within the normal 
range—a most satisfying clinical result from every 
standpoint. 


One of the most important phases in the 
chemotherapy of depression comes when we 
have been able to lower the initial dose of 
three to four tablets daily, after two to four 
weeks on intensive therapy. Gradually we 
lower to two tablets a day, then to one or 
one and one half and ultimately down to one 
half or even less daily. Because of the cu- 
mulative element in this chemical, many pa- 
tients can be maintained on a plateau of well- 
being on 5 mg. or less of Marplan or 10 or 
5 mg. of Nardil or Niamid. Even then we 
recheck transaminase every few weeks. 

Since the dosage is so much a matter of 
individualization, we will find patients who 
will develop a slight SGO-T elevation on a 
dose of one and one half tablets while rare 
cases may do so on one half tablet per day. 

Recording of weight, blood pressure and 
reflexes has become routine in every Case. 
All patients do not gain weight to the same 
extent when taking the less potent energiz- 
ers, The hypotensive effect is the first in- 
dication for dosage reduction and hyperac- 
tive reflexes have a similar indicative value. 

The standing blood pressure may be much 
lower than the sitting pressure explaining 
the patient’s dizziness on standing up. Cor- 
tisone orally has great value in overcoming 
hypotension, particularly when combined 
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with reduced dosage of the energizer. ACTH 
may be necessary in severe hypotension. 


Case 9: A 45 year old housewife, who had under- 
gone two courses of electroshock for severe depres- 
sion, came for chemotherapy in the hope that it 
could accomplish what EST failed to do. She was 
started on one of the less potent A.O.I. analogues 
but a month later she was still depressed and in- 
sisted, “I have no strength to do my housework. 
I’m so depressed I’d rather die.’”’ A week later, al- 
though dosage was not high, her transaminase 
jumped to 150 units, though no jaundice was evi- 
dent. Of course, her medication had to be stopped 
and after the accumulative effect wore off, she be- 
gan to slip rapidly back into the severe retarded 
depression first seen. Although I resumed smaller 
doses of the chemical as soon as her transaminase 
test receded, it was not enough to meet her greater 
than average need for the energizer for she con- 
tinued slipping until she was again insisting to her 
ever-patient husband that suicide was her only an- 
swer. In order to keep her under constant sur- 
veillance, he was obliged to take her with him on 
his daily automobile trips as a salesman. 

Within nine days the transaminase dropped from 
150 to 48 and a week later was down to 32, even 
though the medication had been resumed in reduced 
dosage. Although slight improvement was seen, 
it was not adequate and soon her suicidal thoughts 
recurred. She was placed on Tofranil, the anti- 
depressant that is believed not to act as an amine 
oxidase inhibitor. This raised her spirits remark- 
ably within four days but then a generalized aller- 
gic rash appeared. Tofranil was discontinued and 
antihistamines administered. However, within an- 
other week the rash had cleared and small doses 
of Tofranil resumed. This time there was no re- 
turn of the rash on 100 mg. of Tofranil daily. 


Case 9 and others in this study prove one 
significant generalization. No single chem- 
ical will succeed in every case but changing 
to another may bring a striking remission. 

In the earliest papers on the use of amine 
oxidase inhibitors the authors appeared to 
assume that there would be a stage when 
energizer therapy could be discontinued af- 
ter graduating dosage down to 1/6th, 1/10th, 
or even 1/15th of the starting dose. We have 
now been using these chemicals for 2! 
years, and that is long enough to justify this 
conclusion. Just as there are many who will 
require intensive vitamin therapy, or di- 
coumarol, or substitution hormone therapy, 
or insulin therapy, the remainder of their 
lives, so will there be a need for energizer 
therapy in minimal dosage for the remainder 
of the lives of a large proportion of those 
who have been helped by chemotherapy. 


DISEASES OF THE NERVOUS SYSTEM 


FEBRUARY 


This fact will play a major role in the 
psychiatry of tomorrow. Every professional 
person knows that it is utterly impossible to 
train sufficient psychiatrists to meet today’s 
needs in terms of the high frequency of long 
visits decreed by analytic psychotherapeutic 
principles. However, when a powerful chem- 
ical can take over a very considerable por- 
tion of the work that psychotherapy alone 
has tried to accomplish through the trans- 
ference phenomenon in the past 60 years, 
by chemically inducing eudaemonia in for- 
merly chronic melancholic individuals, it 
makes possible a tremendous reduction in 
the frequency of visits to the psychiatrist. 
This means that each psychiatrist can treat 
a considerably larger number of patients 
than was possible in the past. In my own 
practice concomitant with the precipitate re- 
duction in the number of patients requiring 
EST, simultaneously it has been possible to 
assume a larger case load through a more 
scientific control of chemical dosage by the 
Wroblewski transaminase test, at the same 
time insuring greater safety to the patient. 
A rough numerical comparison of similar 
months of my practice during 1955 (before 
energizer therapy) and 1959 (after trans- 
aminase controlled energizer therapy) shows 
at least a 35% increase in the number of pa- 
tients seen in 1959, yet a satisfactory plan 
of psychotherapy was maintained. Actually, 
when the time formerly devoted to EST is 
subtracted, there may have been some slight 
increase in the time devoted chiefly to psy- 
chotherapy, although it would be extremely 
difficult to sift out the exact moments or 
hours that constitute pure psychotherapy. 

It is possible after the first month of in- 
tensive combined psychopharmacological 
therapy with any new depressed patient, to 
reduce the frequency of office visits from 
every five or seven days to once in 10 or 12 
days, and by the third month the frequency 
can be further reduced to once every two or 
three weeks. This has manifold advantages. 
It places psychiatric treatment within eco- 
nomic reach of a vastly increased number of 
individuals. At the same time it accom- 
plishes very early in the therapeutic process 
a gradual reduction in intensity of the rap- 
port bond acquired by the patient and 
thereby avoids the criticisms directed against 
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psychoanalysts by other disciplines, who see 
in this phenomenon an income motivated 
plan for perpetuating frequent high fee vis- 
its by pandering to the emotionally blinded 
patient’s narcissism when the correct aim 
should be psychological weaning just as 
early as possible. 


Conclusions 


1. We now have available three apparently 
safe amine oxidase inhibitors for use in an- 
tidepressant chemotherapy, Niamid, Nardil 
and Marplan, which are approximately equal 
in therapeutic effectiveness. 

2. These three will probably replace in 
great measure the original iproniazid and its 
potent follower Catron, until a means is 
found to decrease or eliminate the possible 
side effects seen in rare instances with either 
of these. These are, however, more consist- 
ently powerful antidepressants. 


3. Serial transaminase (SGO-T) determi- 
nations should become routine procedure 
whenever any antidepressant chemical is pre- 
scribed in order that toxic hepatitis may be 
recognized at the earliest possible moment 
and dosage revised accordingly. 


4. Recording patient’s weight, blood pres- 
sure and reflexes should be routine with 
each office visit, since any of these may give 
valuable indications for the transaminase 
test that might otherwise be skipped. Stand- 
ing blood pressure should be secured if pres- 
sure is below 100. 


od. Psychotherapy is essential in every case, 
the type fitted to the nature of the problem 
and the intelligence level of the patient. 
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ADDENDUM 


For the conservative physician who prefers to 
start treatment of the depressed patient with one 
of the less potent inhibitors (Marplan, Nardil or 
Niamid) the following may prove of value in the 
occasional patient who does not show improvement 
within two or three weeks. In such a patient the 
physician is often beset with the possibility of sui- 
cide. Instead of initiating EST, improvement can 
usually be obtained by adding a single morning dose 
of 50 mg. iproniazid. Thus Marplan cases on 30 to 
40 mg. daily would receive 50 mg. of iproniazid 
daily for perhaps a week or 10 days, and then low- 
ered to 25 mg. as improvement occurs. However, 
the transaminase test should be performed fre- 
quently as an extra safeguard, and iproniazid im- 
mediately stopped (or drastically reduced) if eleva- 
tion occurs. Nardil cases taking from 45 to 55 mg. 
daily, could also be given 50 mg. iproniazid daily 
temporarily, as could Niamid cases taking 100 to 
175 mg. 

Usually this added amine oxidase inhibitor dosage 
will induce improvement within a week, but in very 
difficult cases up to 75 mg. of iproniazid may be 
needed for a few days. As soon as substantial im- 
provement occurs, iproniazid may be reduced or 
withdrawn, and maintenance chemotherapy contin- 
ued with the original inhibitor (regulator), which 
may later be reduced in dosage. 

In the rare but extremely difficult patient who, in 
some unexplained manner, may develop a persistent 
orthostatic hypotension, the amine oxidase inhibitor 
may become bound in the tissues, and hypotension 
at the 88, 80 or even lower level may persist. Ob- 
viously blackouts or accidents may occur unless 
such a patient is kept prone until hypotension is 
overcome. It may persist indefinitely if not properly 
treated. Dr. Douglas Goldman of Cincinnati sug- 
gested cortisone as an antidote. One may give 
ACTH gel in 30 to 40 mg. doses intramuscularly 
initially. Oral medication will suffice thereafter in 
most cases. When this complication develops the 
patient must be observed frequently to be sure cor- 
tisone dosage is adequate, and all inhibitor and 
tranquilizer therapy must be withheld temporarily 
until blood pressure levels are improved. When re- 
sumed later, the regulator dosage would necessarily 
be much less than the original dosage. In a patient 
whose B.P. ranges from 140 to 170, a drop to 100 
or 104 would induce serious symptoms and those 
whose initial B.P. is only 110 or less may drop so 
low that one may obtain a reading of 80 or 76 only 
with difficulty. Cortisone 25 mgs. t.i.d. orally, re- 
duced after two days to 12 mg. t.i.d. and later 
b.id. and ultimately to 10 or 5 mg. b.i.d., will help 
the patient through this crisis. 

The transaminase test is not necessarily elevated 
when hypotension occurs and therefore one must 
rely upon the sphygmomanometer. For this reason, 
no patient should be administered amine oxidase 
regulators unless regular blood pressure records are 
kept, certainly at weekly intervals during early 
treatment, and more often if necessary. One must 
be even more careful when any tranquilizer is ad- 
ministered concomitantly, since all have hypoten- 
sive effects. Comparison of “standing” blood pres- 
sure with the usual “sitting” blood pressure deter- 
mination is an astonishingly valuable aid to the 
doctor whenever this complication is encountered. 
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Electroshock and Monoamine Oxidase Inhibitors in the 


Treatment of Depressed Reactions 


EDWIN DUNLOP, M.D. 


For 20 years, electroshock therapy has 
been in vogue and many members of this or- 
ganization have played a prominent part in 
pioneering the machines and _ techniques 
which have made this treatment so widely 
accepted, Its usefulness, safety and wide- 
spread acceptance has increased with the 
years. Electroshock has remained a spe- 
cific for the treatment of depressions espe- 
cially those of the endogenous type. It has 
been utilized in other psychiatric diagnoses 
with less certainty of result. There is no 
more gratifying experience, than that of re- 
versing a frank psychotic depression with 
its attendant symptoms of mental and mo- 
tor retardation, fatigue, hopelessness, guilt 
and despair. This is especially true when 
clinical improvement can be felt by the pa- 
tient and seen by others often within the 
first 24 hours. Its position as a desirable 
therapy in psychiatry is highly respected, 
so much so, that electroshock is a yardstick 
or operational concept which we can use in 
determining the value of other therapies to 
produce equal, or if possible, better results. 


A review of 500 admissions to a private 
sanitarium last year revealed that 40% of 
the patients were depressed. A comparable 
study of an office practice seen over a sim- 
ilar period indicated that the same, if not a 
greater proportion of depressed reactions of 
all types were treated. A high percentage 
of these were patients in whom depressions 
had recurred either in a regular cycle or on 
a periodic basis. 


It has been the experience of all of us that 
when a patient is treated for a second or a 
third recurrence of a depression, an increased 
number of treatments are often required to 
produce the equivalent results obtained at 
the time of the first illness. Anderson’ has 
substantiated this observation, These re- 
peaters are undoubtedly “hard core” types 
who may make an adequate adjustment for 





From Fuller Memorial Sanitarium, South Attle- 
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a period of time, Later there is a relapse 
and after returning for further treatment, 
these patients often require more intensive 


and more prolonged therapy to produce a 


satisfactory result. 

In both hospitalized and office patients, 
gratifying recovery may have originally 
been obtained following 6 to 10 electroshock 
treatments. However, on a second or third 
repeat, 12 or up to 20 treatments might be 
needed, This, I think, points out an area in 
our field which has not been well explored 
and to my certain knowledge no adequate 
study of this situation has yet been devised. 

Having evaluated the effectiveness and 
relative safety of monoamine oxidase inhib- 
itors in the treatment of depressions, it was 
decided that cases of recurrent depression be 
treated currently with one or another of 
these drugs in conjunction with electroshock 
therapy. Electroshock was given in exactly 
the same manner and spaced at about the 
same intervals as when administered before. 
In some of the milder cases it was noticed 
that recourse to electroshock therapy was 
not necessary because, very frequently, a 
monoamine oxidase inhibitor was highly ef- 
fective when used alone. For example, 50 
of my depressed patients received Nardil, 15 
mg. t.i.d. or q.id. Patients in whom some 
degree of recovery was not obvious within 
14 days received, in addition to Nardil, elec- 
troshock with very gratifying results. 

In this series of 50 patients, all received 
Nardil. Of these, 44 recovered with this 
treatment alone. The remaining 6 cases, or 
12% of the total number of patients, re- 
quired electroshock in addition to Nardil be- 
cause of the intensity or chronicity of their 
illness. All of the latter group were read- 
missions and it is most impressive to note 
that they required only 36% as much elec- 
troshock as in any single previous admission. 
In other words, approximately only 1/3 of 
the number of treatments were necessary in 
these patients while on Nardil. One very in- 
teresting case required 12 shock treatments 
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in 1959 as against 10 in 1956 on a previous 
admission. When Nardil was added to this 
patient’s treatment recovery was prompt 
and uneventful within 10 days. 


Summary 


My experience’ closely parallels that of 
Thal,’ Sainz,* Saunders,® and others who re- 
ported on several hundred cases treated with 
Nardil. Following drug therapy alone, 80% 
recovered although it was necessary for some 
patients to continue on a maintenance dose 
for several months. 


Of major interest in this study was the 
observation that patients with recurrent de- 
pressions required actually a lesser number 
of electroshock treatments when given chem- 
otherapy plus electroshock. Furthermore a 
large number of patients were able to ob- 
tain complete relief from their depressive 
symptoms when Nardil was administered 
alone. 


With our advanced knowledge of electro- 
shock therapy and our continuing awareness 
of the usefulness of monoamine oxidase in- 
hibitors, it would appear that the combined 
use of these two highly successful therapies 
currently offers the most certain course of 
recovery that we have ever had available. 
It offers the following advantages: 


1. There is a minimum of exposure to elec- 
troshock in terms of time and number of 
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treatments, so-called ‘“‘economy of ECT.” 

2. More satisfactory patient rapport and 
adequate visits for supportive psychotherapy 
are assured. 

3. Less dependency on one_ exclusive 
method of treatment is encouraged with this 
technique. 

4. A high proportion of successful results 
is obtained. 


I see no advantage in taking a position 
that one particular method or another shall 
be the exclusive road to recovery for our 
patients. 
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Discussion by Dr. Lothar B. Kalinowsky 

Part of Dr. Dunlop’s material seems to confirm 
something I have noticed in my extensive experience 
with Marsalid which was a most effective drug when 
used in adequately high doses in the ‘atypical de- 
pressions.” In these, ECT is usually ineffective, and 
thus Marsalid was a particularly valuable addition 
to our treatments of depressions including those not 
responsive to ECT. 
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The Medico-Legal Aspects of Psychiatric Research 


WILLIAM Furst, M.D., and WILLIAM Furst, LL.B. - 


A basic medical principle has always been 
“prima non nocere”—first do no harm, To- 
day an increasingly large number of valu- 
able drugs is being made available by many 
pharmaceutical companies for screening by 
the psychiatrist. Unfortunately, even though 
animal experimentation is free of complica- 
tions, in man serious sequellae may ensue. 
Newspapers present screamng headlines. 
“Patient Sues Drug Company for $400,000. 
Claiming Liver Damage’; ‘$600,000 Damage 
Suit Against Doctor, Pharmacist and Drug 
Company.” 

The psychiatrist must practice his profes- 
sion with one eye upon the patient’s symp- 
toms and the other, and hopefully his good 
eye, on the patient’s legal symptoms. Since 
few psychiatrists are trained in the law it is 
of timely importance that precautionary 
measures be outlined for those who partici- 
pate in any form of clinical field research. 
The “timeliness” of such information is 
borne out by a series of three articles that 
appeared in the Saturday Evening Post com- 
mencing with the issue of April 11, 1959. 

What then, is the problem as it relates to 
clinical research? What is the solution, from 
a practical point of view? The problem con- 
fronting the psychiatrist when he is re- 
quested by a reputable pharmaceutical firm 
to test a new drug is simply to keep himself 
free of the risk of defending a law suit and 
clear of liability. Much can be said against 
the policy of bringing suit to recover dam- 
ages for an inadvertent result from the use 
of a new drug since the doctor employed it 
to ameliorate the patient’s illness, However, 
we are not concerned here with the moral 
principles involved. This is an inquiry of 
practical import, without considerations of 
moral propriety and it must be assumed that 
such suits are likely. 

It has frequently been argued that mal- 
practice law suits against psychiatrists and 
pharmaceutical companies engaged in re- 
search will stifle, if not altogether stop, such 
experimentation. Such a result would be re- 
grettable. No one viewing the over-all prob- 
lem with seriousness would suggest such a 


policy. Physicians are always interested in 
the development of newer and better drugs. 
The cause of good health of the public is 
the major concern. 

Most psychiatrists insure themselves 
against malpractice actions. From a practi- 
cal point of view the coverage is limited to 
a certain specified maximum amount. In 
today’s economic atmosphere, the size of 
judgments returned by juries in civil courts 
have attained astronomical size. As a mat- 
ter of law, juries have been instructed that 
they may take into consideration the buying 
power of the dollar in today’s economy. How 
does this affect the defendant? Let us take 
a hypothetical case, Let us assume that dur- 
ing the course of treatment a drug is ad- 
ministered on which you have been asked 
to do clinical research by the XYZ Drug Co. 
Let us further assume that the patient is 
a man in his early forties, earning $35,- 
000 per annum, is married and has three chil- 
dren. If, as the result of your use of the 
drug, a fatality or permanently disabling 
condition occurred, the damages awarded in 
such a situation could exceed the amount of 
insurance coverage you have been able to 
secure. What is the net result? First, you 
would be requested by your insurance car- 
rier to participate in your own defense with 
the carrier, since there would be the proba- 
bility of excess liability above the policy 
limit. This would entail legal expense. Sec- 
ond, if such a verdict were given, your own 
estate, property and future earnings would 
be liable for the excess amount. Why should 
you even be asked to accept such a contin- 
gent risk when you engage in clinical re- 
search for the XYZ Co.? 

Some of you will feel that, when engaged 
in such a Clinical effort in cooperation with 
a reputable drug company, the company will 
stand in back of you all the way. We are 
not suggesting that that would not be so in 
most, and perhaps in all cases. But, legally, 
a matter of cold appraisal of rights and 
obligations enforceable by law must be a 
primary consideration, With no suggestion 
of disrespect for moral obligation, the true 
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legal issues involved must be understood by 
psychiatrists doing drug research. 

Let us suggest a few possibilities, First, 
it is always possible that the anticipated mal- 
practice action may be brought solely against 
the psychiatrist, and not against the drug 
company. In such a case, the drug company 
may not be able to prevail upon its own lia- 
bility insurance carrier to defend on your be- 
half the action brought against you. In such 
a case, the company itself, in the light of a 
refusal by its insurance carrier to partici- 
pate, may by virtue of over-all policy be pre- 
cluded from coming to your defense. 

Second, we can visualize the situation 
where in the instance of a suit against the 
doctor, some company, fearful of its reputa- 
tion in the field, might take the position that 
the psychiatrist, in field-testing the new 
drug, did so in a negligent manner. And if 
the drug company did not take such a posi- 
tion then its insuror, a company engaged in 
business to make profits, might take such a 
position. 

Why should any physician take these 
risks? The question may be even more per- 
tinent to the practicing psychiatrist than 
to his colleagues in other fields of medicine, 
since he may not be able to secure a valid 
consent, and the implied or even express 
waiver of the patient to the use of the ex- 
perimental drug. The question may always 
arise as to the effectiveness of such a con- 
sent or waiver when elicited from a patient 
who has sought assistance because of a men- 
tal disturbance. 

The only certain way in which the psychia- 
trist can safely contribute his time and tal- 
ent to the joint team effort necessary for 
the development of the new drugs is to se- 
cure an agreement in writing from the phar- 
maceutical manufacturer to indemnify and 
protect the psychiatrist from and against 
any claim or action of any kind brought 
against him by a patient to whom the new 
drug is administered. 

The indemnification agreement should be 
entered into between the manufacturer and 
the psychiatrist at the time that the latter 
agrees to field-test the new drug. In essence 
the agreement should provide that the man- 
ufacturer has requested the psychiatrist to 
utilize a new drug in his care and treatment 
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of certain patients for whom such new drug 
would appear to be a specific remedy. The 
agreement should recite the psychiatrist’s 
willingness to participate in such a program 
and, in connection with his use of such drug, 
to maintain certain necessary clincal rec- 
ords and data concerning its effect on the 
particular disease sought to be controlled, 
and to report on the statistics thus obtained 
to the manufacturer. Of paramount impor- 
tance, the agreement should contain a guar- 
antee by the manufacturer that if, as a re- 
sult of the use of the drug, any claim be 
brought against the psychiatrist, the manu- 
facturer agrees to be made a party to the 
suit, defend the psychiatrist and pay any 
awards. This would mean that the doctor 
would be free of the burden of securing pri- 
vate counsel, of paying for same, and of 
satisfying any adverse judgment, whether or 
not the pharmaceutical company was simi- 
larly found to be liable. 

If in accepting a clinical research assign- 
ment you insist upon an indemnification 
agreement, you need not fear any adverse 
financial consequences by virtue of the use 
of an untested new drug. It might be argued 
that such a blanket guarantee is unfair to 
the manufacturer since a claim might arise 
as a result of a doctor’s negligence. However, 
it is the manufacturer’s primary duty to 
choose and select competent psychiatrists for 
the field testing program. If the drug firm 
is willing indiscriminately to place the pro- 
gram in the hands of any and all psychia- 
trists, with no regard to their competency, 
then they should bear the risk of financial 
responsibility for the drug’s misuse. 

We strongly urge all psychiatrists who 
accept assignments from a pharmaceutical 
manufacturing firm to utilize their new 
products in clinical field testing that they 
first secure an agreement in writing guaran- 
teeing to the doctor that the manufacturer 
will indemnify the psychiatrist and protect 
him from and against any action or claim 
brought against him by reason of his use 
of the new drug. In the final analysis, there 
is no sound reason why the psychiatrist 
should assume any risk in the matter. The 
drug firm may properly include any cost in- 
crease by reason of the indemnification ar- 
rangement in the ultimate selling price. The 
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burden, therefore, would in the end be placed 
on the consuming public. If the public, in 
what is thought to be a frenzy of unwar- 
ranted legal antagonism against the medical 
profession, runs this cost up, it will be the 
very same public that will foot the bill. Prac- 
tical justice would triumph. At the same 
time, the psychiatrist would not be the vic- 
tim, and scientific medical research would 
move on to the ultimate benefit of the phar- 
maceutical company, the medical profession, 
and mankind. 


A Suggested Form of Indemnification 
Agreement 


THIS AGREEMENT made the day 
of 19 , by and between the XYZ Drug Co., a cor- 
poration of the State of , having its 
principal office at , hereinafter 
called the Manufacturer, and John Doe, M.D., re- 
siding at , hereinafter called the 
Doctor, 

WITNESSETH THAT: 

WHEREAS, the Manufacturer is engaged in the 
business of developing, manufacturing and selling 
ethical pharmaceutical products, and 

WHEREAS, the Doctor is a duly licensed and 
practicing medical doctor in the State of 
and 

WHEREAS, the Manufacturer is and has been 
engaged in the development of a new drug now 
known as and in connection 
with its development desires to utilize the services 
of the Doctor in clinically testing the said drug by 
its use in the Doctor’s private practice, and 

WHEREAS, the Doctor is willing, in the interests 
of aiding in the development and manufacture of 
said drug, to utilize the same in his private prac- 
tice for and on behalf of the Manufacturer. 

NOW THEREFORE, the parties hereto, for and in 
consideration of the mutual promises herein con- 
tained, and for other good and valuable considera- 
tions, do hereby agree as follows: 

1. The Manufacturer agrees to supply to the Doc- 
tor such quantities of the drug known as 
as the parties may from time to time deem neces- 
sary. The Manufacturer further agrees to furnish 
the Doctor with written information containing sug- 
gested directions for appropriate use and recom- 
mended dosages, together with such other informa- 

(W.F., M.D.) 49 So. Munn Ave., East Orange, N.J. 

(W.F., LL.B.) 5 Commerce St., Newark, N.J. 
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tion available to Manufacturer as a result of its 
prior research and development work on the said 
drug, including information as to any side-effects 
previously noted. 

2. The Doctor agrees to accept the said drug and, 
in the exercise of his professional skill and judg- 
ment, to utilize the same in his private practice in 
such cases and in such manner as shall be indicated 
by the Manufacturer in accordance with its afore- 
mentioned information. 

3. The Doctor agrees, in connection with his use 
of the said drug, to maintain such statistical infor- 
mation as shall be required by the Manufacturer, 
and to report thereon to the Manufacturer at such 
times and in such manner as directed by the Man- 
ufacturer. 

4. The Manufacturer agrees that it will indemnify 
and save harmless the Doctor from and against any 
claim or suit brought against him by or on behalf 
of any patient to whom the said drug was admin- 
istered by the Doctor at any time during the latter’s 
use thereof for clinical research, as aforesaid, and 
the Manufacturer further agrees, that in the event 
of any suit being instituted against the Doctor it 
will, at its own cost and expense, defend the same 
on his behalf, and, in the event that a suit results in 
a judgment for damages against the Doctor, it will 
promptly pay the same. 

5. The obligations hereinabove imposed upon the 
Manufacturer shall not be discharged notwithstand- 
ing a determination by a court, jury or otherwise 
that the injury for which the suit or claim was 
brought was occasioned by the sole negligence of 
the Doctor or by his joint negligence with Manu- 
facturer, or by reason of the fact that the Manu- 
facturer was not made a party to the suit or claim, 
or by reason of the fact that the Doctor failed to 
comply with the instructions and directions given 
him for the use of the said drug by the Manufac- 
turer. 

6. The Doctor agrees to promptly notify the 
Manufacturer of any claims made against him, and 
of any suit brought against him, by or on behalf 
of any patient to whom such drug was administered. 

IN WITNESS WHEREOF, the parties hereto 
have hereunto set their hands and seals and caused 
their corporate seals to be affixed, this day and year 
first above written. 

XYZ DRUG CO. 
ATTEST: 


JOHN DOE, M.D. 
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Neurological Surgery in Mental Retardation 


JUAN NEGRIN, JR., M.D. 


By mental retardation we mean a state of 
below average ability to learn and profit by 
accumulated experience. Such a condition 
may be the result of primary intellectual de- 
ficiency or may be due to a combination of 
primary intellectual deficiency associated 
with a systemic disease and certain neuro- 
logical lesions. Impaired learning ability 
may be secondary to defective speech, abnor- 
mal motor function, diffuse or focal brain 
damage, emotional, environmental and psy- 
chotic disorders or genetic factors. Fre- 
quently it is a combination of these condi- 
tions which result in mental retardation. 

Extensive, prolonged and exhaustive clin- 
ical and laboratory studies are necessary to 
demonstrate the presence of organic lesions 
of the central nervous system that produce 
neurological sequelae and secondary mental 
retardation, solely or in addition to an ex- 
isting primary mental deficiency. No neu- 
rological treatment is yet available for cer- 
tain neuropathological conditions such as 
metabolic syndromes (galactocemia, pheny]l- 
pyruvic oligophrenia, gargoylism, reticulo- 
endotheliosis—Gaucher, Niemann-Pick—he- 
patolenticular degeneration, cretinism) ; ac- 
quired focal or disseminated central nervous 
system lesions (post-infectious, virus, lead 
encephalopathy, kernicterous); post-trau- 
matic (exclud-ng post-traumatic intracranial 
hematomas) ; after-effects of anoxia and de- 
generative disorders (Tay-Sachs, amaurotic 
familial idiocy, demyelinating encephalopa- 
thies). 

Only cranial defects of the craniostenosis 
type will benefit from neurosurgical treat- 
ment. Mongolism, genetic defects (familial) 
and undifferentiated craniocerebral defects 
(primary amentia) cannot be submitted to 
any reasonable neurosurgical procedure at 
this time. The mentally retarded of func- 
tional origin (pseudoretardation) have occa- 
sionally been submitted to psychosurgical 
techniques in the past. The congenital ecto- 
dermoses (tuberous sclerosis, cerebral angio- 
matosis, Sturge-Weber, neurofibromatosis) ; 
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the group of secondary cerebral malforma- 
tions (post-traumatic intracranial hemato- 
mas and epilepsy, etc.) and choreoathetosis, 
dystonia, hydrocephalus, spontaneous paren- 
chymal hematomas and neoplasm can benefit 
from neurosurgery. 

To demonstrate some of the neurosurgical 
diagnostic aids and treatment techniques in 
problems of mental retardation, representa- 
tive cases are described: 


Case 1: G.S., a 12 year old boy attending a school 
for mental deficients complained of severe headache, 
double vision, nausea and vomiting of several days’ 
duration. On neurological examination he had tu- 
berous sclerosis, bilateral choked discs and a left 
sixth nerve palsy. During the first days in the hos- 
pital he was extremely restless, aggressive and 
noisy. He occasionally went into episodes of stupor 
lasting three to six hours. 

Operation: A ventriculogram revealed the pres- 
ence of an intraventricular mass on the left side 
(Fig. 1). Through a left frontal flap an extensive 
ventricular tumor extending through the foramen of 
Monro to the opposite side was removed. 

Pathology Report: Choroid plexus papilloma (Fig- 
ure 2). 

Course: The post-operative course was uneventful 
and the patient was discharged recovered from the 
symptoms of increased intracranial pressure and re- 
lief of his acute behavior disturbance, able to return 
to school. His condition remained unchanged for 
two years follow-up. 


Comment: This case illustrates how men- 
tal deficiency with congenital ectodermosis 
can often be benefited by surgery. In this 
patient the acute illness in an otherwise 
chronic disease was due to an intraventricu- 
lar tumor. Tuberous sclerosis with increased 
intracranial pressure is usually secondary to 
one or multiple focal areas of astrocytic pro- 
liferation (astrocytic granulomata) which 
interfere with the circulation of the cerebro- 
spinal fluid when growing in areas suscept- 
ible to obstruction such as the sylvian aque- 
duct or foramen of Monro. Neurosurgical 
management! in such situations is more fre- 
quent than in the one presented as this is 
the only case so far reported of tuberous 
sclerosis (Fig. 3) with choroid plexus pa- 
pilloma. 


Case 2: K.D., a 24 year old male institutionalized 
from age two. At 15 he was “classified” as men- 
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Fig. 1. G. 8S. Ventriculogram. Left lateral view. 
Intraventricular neoplasm. 
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Fig. 2. G. S. Choroid plexus papilloma—histolog- 
ical appearance (H&E). 





Fig. 3. G. S. Adenoma sebaceum in tuberous scle- 
rosis. Twelve weeks after surgical removal of a left 
intraventr:cular choroid plexus papilloma. 
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tally defective with generalized choreoathetosis and 
dystonia secondary to trauma at the time of birth. 
He was unable to feed himself and was either in bed 
or secured with straps to a specially built chair. 

Operation: On November 22, 1957, the patient 
was placed in sitting position on a standard op- 
erating table with a specially devised head rest. 
With a combination of local and general anesthesia, 
a burr hole was made in each occipital region? 2 cm. 
lateral to the midline next to the lambdoid suture. 
The skin incision was closed in layers. A cannula 
was introduced into the cerebral hemisphere through 
the right occipital incision and a ventriculogram was 
performed. The tip of the cannula was then further 
directed forward into proper position. The closed 
skin incision secured the cannula and avoided any 
displacement. An x-ray plate holder unit was used 
at this stage. When the target area was reached 
(Fig. 4) the globus pallidus was destroyed with a 
combination of Etopalin (95% ethyl alcohol in a 
viscous solution (courtesy of Ciba Pharmaceutical 
Products, Inc.) and coagulation necrosis. The can- 
nula was then withdrawn and a dressing was ap- 
plied. 

A. few days later the tip of the cannula was placed 
in a similar fashion on the left globus pallidus and 
an area of necrosis was obtained by means of co- 
agulation only,? with the aid of a properly insulated 
stainless steel stylet with a terminal spring hook. 
Upon withdrawal of the stylet the terminal hook 
showed charred cerebral tissue attached (Fig. 5) to 
it which was evidence that proper coagulation was 
obtained. The cannula was withdrawn and a dress- 
ing was applied. 

Course: Six months later, in a follow-up evalua- 
tion, his speech was improved, the choreoathetoid 
and dystonic movements had decreased, he was 
able to feed himself (Fig. 6) and he could stand on 
his feet and walk alone although with awkward and 
unsteady gait. This improvement has been main- 
tained to this date, about 114 years post-operatively. 


Comment: The neurosurgical management 
of choreoathetosis,**® dystonia and Parkin- 
son’s disease*’ is not a recent development 
in clinical neurology. Such conditions have 
been treated for about twenty years by the 
production of lesions in the globus pallidus 
and other basal ganglia structures and their 
connections. These deep cerebral structures 
have been reached by standard craniotomies 
of variable size*’ and burr holes placed in 
the anterior frontal,®'* posterior frontal, at 
or near the coronal suture,'**° in the tempo- 
ral’°*? and in the parietal?*:** lobes. Although 
each one of these methods has been found 
effective in the hands of its sponsors, we 
have used an occipital approach in the last 
few years which in many ways simplifies 
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Fig. 4. K. D. Occipital approach to deep cerebral 
structures. Ventriculogram with cannula in position. 























Fig. 5. K. D. 


Recording cannula and style with a 
terminal spring hook. 
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the placement of a lesion in deep cerebral 
structures. 


The technique is essentially as described 
above for this patient. A cannula is intro- 
duced via the occipital route, A ventriculo- 
gram is done before the target area is 
reached and a lesion made. The position of 
the internal tip of the cannula in relation to 
the foramen of Monro, mamillary bodies, an- 
terior commissure, pineal region and skull 
landmarks is established. Anatomical as well 
as post-mortem studies of other authors’®:?!-*" 
have shown the reliability of these reference 
points. 

Several devices in addition to the head 
rest, x-ray plate holder unit and stylet men- 








Fig. 6. A. K. D. Six months pre-operatively. B. 
K. D. Six months post-operatively. (Enlargements 
of motion picture frames in sequence.) 
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tioned briefly above have increased the effi- 
ciency of this approach. A multi-purpose 
cannula permits recording spontaneous and 
evoked potentials and a catheter balloon 
unit* allows the observation of calibrated 
pressure effects. Furthermore, through the 
use of this approach and the additional in- 
strumentation outlined, complicated stereo- 
taxic and holder devices are avoided. 

Placement of lesions with necrotizing so- 
lutions, electrocoagulation, electrolytic ne- 
crosis, radioactive elements, blunt cutting or 
sectioning may be carried out. Such flexibil- 
ity in the choice of ways to produce a lesion 
as well as the possibility of collecting basic 
neurophysiological data are of practical 
value at a time when no final method to in- 
terfere with the physiological and/or ana- 
tomical integrity of deep cerebral structures 
has yet been established as the standard 
technique for the surgical treatment of Par- 
k.nson’s disease, choreoathetosis and dys- 
tonia. 

It is hoped that forthcoming critical anal- 
ysis of anatomo-physiological data and post- 
operative results may clarify some of our 
present concepts on the etiology and treat- 
ment of Parkinson’s disease and dyskinesia. 
However, with the tools, knowledge and sur- 
gical techniques now at our disposal, the 
possibility of obtaining good results in less 
severe and extensive choreoathetosis and 
dystonia with mental deficiency are greater 
in most instances than in the case presented 
here. 

Case 3: A.N., a male child born after breech pres- 
entation with an injury of the left side of the head. 
At the age of 4 his I.Q. was 42. He was unable to 
talk except for a few words and he was a serious 
behavior problem. He developed uncontrolled gen- 
eralized seizures which originally were only left 
sided. A left spastic hemiplegia and other neuro- 
logical sequelae were present. 


Operation: At the age of 414, in June 1954, a-few 
days after pneumoencephalography was performed 
(Fig. 7) the right hemisphere was removed (Figs. 
8 & 9). Immediately after the operation his seiz- 
ures were controlled with moderate amounts of anti- 
convulsive medication. Shortly thereafter all medi- 
cation was withdrawn without return of convulsions. 

Pathology Report: The cerebral hemisphere re- 
moved was atrophic with chronic atypical diffuse en- 
cephalopathy. 

Course: His 1.Q. has been improving gradually 
and his vocabulary and ability to talk have shown 
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steady progress. He is free of convulsions although 
no anti-convulsive medication has been given since 
shortly after hemispherectomy, over five years ago, 
and he is no longer a behavior problem. There has 
also been considerable improvement of his left spas- 
tic hemiplegia (Fig. 10). 





Fig. 7. Pneumoencephalogram. Antero-posterior ° 


view. Displacement of ventricular system to the 


right. The ventricles are pulled toward that side by 
the retracting action of the atrophic right cerebral 
hemisphere. 
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Fig. 8. A. N. View of the intracranial cavity after 
right hemispherectomy. 
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Fig. 9. Follow-up air studies and cerebral angiog- 
raphy after right hemispherectomy. Antero-poste- 
rior view. The cerebral angiogram reveals only the 
vessels of the opposite hemisphere and those in the 
portion of the basal ganglia left in the hemispherec- 
tomized side. 





Fig. 10. General appearance six months after 
right cerebral hemispherectomy. 
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Comment: In this case an extremely low 
{.Q., uncontrolled convulsive seizures and in- 
fantile spastic hemiplegia were present. 
Hemispherectomy resulted in permanent con- 
trol of convulsive seizures and considerable 
improvement of spastic hemiplegia, I.Q. and 
behavior problem. 

The use of cerebral hemispherectomy for 
the treatment of infantile hemiplegia is a 
relatively recent contribution** but it is felt 
that this instance illustrates vividly how 
mental deficiency, even when accompanied 
by an extensive, diffuse neuropathologica] le- 
sion, severe neurological sequelae, advanced 
organic psychosis and serious behavior prob- 
lem can be improved substantially with ade- 
quate neurosurgical management. 


Case 4: A.H., a 20 year old mentally retarded male 
with involuntary movements of the left side extrem- 
ities for several years and personality and behavior 
changes for four years. X-rays of the skull showed 
a calcified mass in the right side close to the mid- 
line and posterior to the dorsum sella. A pneumo- 
encephalogram revealed a moderate displacement of 
the 3rd ventricle to the left. 

Operation: Through a right temporal flap a right 
parasella region calcified mass'was removed. 

Course: The post-operative course was uneventful 
except for convulsive seizures which were easily 
controlled with medication. The pre-operative be- 
havior and emotional disturbances as well as the 
choreoathetoid movements have remained absent 
since operation about ten years ago and the patient 
has continued his intellectual and physical rehabili- 
tation. 


Comment: This case illustrates how a 
brain tumor may coexist and influence a men- 
tal deficiency syndrome, contributing neuro- 
logical symptoms as disabling as choreoathe- 
tosis.*° Proper diagnosis and surgical treat- 
ment result in obvious clinical improvement. 


Discussion 


Neurosurgery has already offered mental 
retardation practical, specific and concrete 
contributions. Best results can be achieved 
where there is a close integration with all 
medical specialties. Post-operative progress 
is enhanced when psychiatric therapy, edu- 
cational guidance, orthopedic and physical 
rehabilitation services are available. 

The neurosurgical methods used in most 
instances of mental retardation are standard 
procedures, but every case should be ap- 
proached with an objective mind and readi- 
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ness to detect, study and clarify any new 
aspect that may appear, One should be ready 
aiso to confirm accepted concepts in every 
step of the procedure for in so doing past 
practices can be corrected and future ad- 
vances may be accomplished. 


When mental retardation with neurosur- 
gical problems are treated, it is advisable to 
have not only ail the essential clinical and di- 
agnostic services but also to have available 
the facilities of neurophysiological, neuro- 
pathological and neurochemical departments 
closely integrated so that progress in sur- 
gical and medical therapy, as well as in 
physiopathology, etiology and prevention, 
can be continued at a faster pace. 


Summary 


A brief reference is made to neurosurgical 
treatment in selected cases of mental retar- 
dation with craniostenosis, congenital ecto- 
dermosis, cerebral angiomatosis, Sturge-We- 
ber syndrome, neurofibromatosis, post- trau- 
matic intracranial hematomas, epilepsy, cho- 
reoathetosis, dystonia, hydrocephalus and 
spontaneous parenchymal hematomas. 

Neurosurgical diagnostic aids and tech- 
niques of treatment in problems of mental 
retardation are illustrated with a represen- 
tative number of patients. 

The neurosurgical indications and results 
obtained in mental deficiency with coinciden- 
tal spastic hemiplegia, uncontrolled epilepsy, 
choreoathetosis, dystonia and brain tumor 
are discussed. 
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